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PREFACE, 


In  lecturing  on  the  Skeleton  my  practice  has  been, 
instead  of  giving  a  detailed  account  of  the  several  parts, 
to  request  the  members  of  the  class,  each  day,  to  get 
up  the  descriptive  anatomy  of  certain  bones,  with  the 
aid  of  some  work  on  osteology.  On  the  subsequent  day, 
I  tested  their  acquirements  by  vivd  voce  examination, 
and  endeavoured  to  supply  deficiencies  and  to  correct 
errors.  I  also  added  such  information — physical,  phy- 
siological, pathological,  and  practical — as  I  had  been 
able  to  gather,  from  my  own  observation  and  researches, 
and  which  was  likely  to  be  useful  and  to  excite  an 
interest  in  the  subject. 

The  additional  information,  thus  collected,  forms,  in 
great  part,  the  material  of  the  present  volume;  which 
does  not  profess  to  give  a  regular  description  of  the 
bones,  and  is  not,  therefore,  intended  as  a  substitute  for 
any  of  the  existing  manuals  of  anatomy ;  but  is^  rather, 
supplementary  to  them. 

The  description  of  the  joints  has  been  made  more 
complete  than  that  of  the  bones;  because  it  is  less  fully 
given  in  other  works;  and  because  an  accurate  know- 
ledge of  the  structure  and  peculiar  forms  of  the  joints 
is  essential  to  a  correct  knowledge  of  their  movements. 


VI  PREFACE. 

To  hear  the  study  of  the  human  skeleton  complained 
of  as  dry  and  tedious  is  always,  to  me,  a  matter  of 
regret.  It  really  may  be,  and  ought  to  be,  one  of 
the  most  interesting  of  studies.  To  the  practical  Sur- 
geon it  is  essential.  To  the  philosophical  anatomist 
the  human  skeleton  is  most  instructive,  being  related 
to  the  intelligent  will  of  man  on  the  one  hand,  and 
to  the  various  members  of  the  animal  kingdom  on  the 
other.  It  is,  moreover,  the  framework  of  nature's  mas- 
terpiece, the  most  perfect  piece  of  mechanism,  replete 
with  fearful  and  wonderful  manifestations  of  creative 
skill.  The  contemplation  of  such  a  work  is  one  of  the 
noblest  exercises  of  the  mind,  not  merely  on  account 
of  the  many  physical  and  other  problems  which  it  sug- 
gests, but,  still  more,  because  it  tends  to  give  additional 
force  to  the  conviction,  derived  from  more  direct  revela- 
tion, of  the  infinite  wisdom,  power  and  goodness  of  the 
Creator. 

The  illustrations  were  all  drawn,  upon  stone,  from 
nature,  by  my  wife;  and,  in  most  instances,  from  speci- 
mens prepared,  for  the  purpose,  by  myself 

To  my  friend  and  former  pupil,  Dr  William  Ogle, 
fellow  of  St  Catharine's  College,  I  am  much  indebted 
for  valuable  assistance  which  he  has  kindly  rendered 
by  sharing  with  me  the  labour  of  correcting  for  the 
press. 
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GENERAL    OBSERVATIONS 


THE     SKELETON- 


The  substance  of  bone  has  been  rejDeatedly  subjected 
composition  to  analysis  by  eminent  chemists,  and  by  none  with 
greater  care  and  Labour  than  by  Dr  Stark  ^  and  Von 
Bibra^,  whose  experiments  embrace  the  osseous  system  of  nearly 
the  whole  of  the  vertebrate  kingdom.  That  there  should  in  many 
instances  have  been  some  difference  in  the  results  of  the  quan- 
titative analysis  of  different  chemists,  is  not  surprising  when  we 
consider  how  difficult  it  is  to  divest  the  osseous  structure  of  the  fat, 
vessels,  membranous  and  other  ingredients,  that  enter  into  the  bones, 
traversing  their  canals,  tubes  and  cavities,  and  even,  according 
to  the  supposition  of  Hoppe  and  others,  lining  the  very  bone-cells 
and  their  prolongations.  Some  of  these  ingredients  must  neces- 
sarily be  left  adherent  to  the  osseous  tissue  after  the  most  complete 
maceration  and  drying,  and  must,  in  a  slight  degree,  affect  the 
accm'acy  of  the  results  of  the  respective  analyses,  which  will  vary 
a  little  according  to  the  measures  that  are  taken  to  get  rid  of 
these  appurtenances.  There  is,  however,  a  sufficiently  close  agree- 
ment among  several  recent  and  accurate  observers  to  enable  us  to 
arrive  at  tolerably  exact  conclusions  respecting  the  more  important 
points. 


^  Edinhurgh  Medical  and  Surr/ical  Journal,  LXiii. 
^  Simon's  Chemistry,  by  Day,  il.  399. 


2  GENERAL   OBSERVATIONS 

The   composition   of    compact   osseous   tissue   as   deduced  by 
Lelimami^  from  tlie  best  analyses  is  as  follows : 

Phosphate  of  Lime    .         .         .         .         -57 
Carbonate  of  Lime     . 
Fluoride  of  Calcium  . 
Phosphate  of  Magnesia 


Mineral  constituents 
Cartilage     . 


67 
33 


To  this  is  added,   by  most  chemists,  a  small  quantity  (about 
1  per  cent.)  of  fat. 

The  animal  basis,  therefore,  forms  nearly  an  exact 

Animal  basis.  n    t         ^  it  t     •        n 

third  of  the  clean  dry  bone.  It  is  often  called  cartilage  ; 
though  incorrectly,  inasmuch  as  it  differs,  both  chemically  and 
structurally,  from  cartilage.  When  boiled  it  yields  gelatine,  which 
is  identical  with  the  gluten  obtained  from  tendons  and  connective 
tissue.  It  preserves  its  characters  in  a  remarkable  manner,  having 
been  found  unaltered  in  bones  which  have  lain  more  than  three 
thousand  years. 

chan-ed  durinc  Duriiig  the  pi'occss  of  development  the  animal  sub- 
deveiopment.  gtaiicc  Undergoes  a  change.  So  long  as  the  structure 
continues  in  the  state  of  foetal  cartilage  it  contains  a  substance 
yielding  chondrin ;  but  concurrently  with  the  subsequent  infiltration 
of  earthy  matter  into  its  texture  it  is  converted  into  a  material  from 
which  only  gluten  can  be  extracted.  Ossified  true  cartilage  is,  how- 
ever, said  by  Dr  Sharpey  to  be  found  in  the  articular  ends  of  adult 
long  bones,  lying  underneath  the  natural  cartilage  of  the  joint, 
both  in  the  moveable  articulations  and  in  symphyses,  and  to  be 
in  fact  the  deeper  part  of  the  cartilage  which  has  been  encroached 
upon  by  the  calcifying  process.  The  animal  basis  is  here  of  a 
totally  different  nature  Irom  that  of  the  bone  elsewhere;  for  on  ex- 
tracting the  earthy  matter  by  means  of  an  acid  the  tissue  which 
remains  has  all  the  characters  of  cartilage.  Cartilage  also  is  stated 
to  form  the  animal  basis  of  the  bone  in  a  few  other  parts  of  the 


Physiological  Chemistry,  translated  by  Dr  Day,  iii.  18. 
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skeleton,  but  only  in  veiy  limited  portions;  according  to  Tomes 
and  De  Morgan  it  occurs  in  the  petrous  portion  of  tlie  temporal 
bone\ 

Earthy  eonsti-  '^^^®  pliospliate  of  lime,  wliicli  forms  tlie  chief  part 

tuents.  Qf  ii^g  mineral  constituents,  is  sometimes  called  "  bone- 

earth  pliosphate,"  being  rather  a  peculiar  salt.  It  is  regarded  as 
a  tribasic  phosphate,  consisting  of  8  equivalents  of  lime,  1  of  water, 
and  3  of  phosphoric  acid.  The  great  predominance  of  this  salt  over 
the  carbonate  is  a  striking  feature  in  the  composition  of  bone,  as 
compared  with  that  of  shell,  in  which  the  phosphate  is  either  absent 
altogether,  or  exists  only  in  very  small  quantities.  The  carbonate 
is  a  simpler  salt,  much  more  abundant  in  the  inorganic  world,  and 
answers  the  purpose  of  the  earthy  material  of  shell  sufficiently  well, 
being  in  it  united  with  only  a  small  quantity  of  animal  matter. 
But  in  true  bone,  the  greater  proportion  of  animal  substance  ren- 
dered necessary  for  the  purposes  of  growth,  &c.  requires  the  sub- 
stitution of  the  pliosphate,  which  is  capable  of  forming  a  harder 
compound  with  animal  substance  than  the  carbonate.  In  the 
hardest  part  of  the  skeleton — the  enamel  of  the  teeth — it  is  present 
in  still  greater  quantity,  forming  more  than  80  per  cent.  It 
possesses  the  same  property  as  the  animal  matter  of  preserving  its 
characters  and  composition  for  a  great  length  of  time,  having  been 
found  unaltered  in  fossil  bones.  The  salts  of  phosphorus  exist  in 
small  quantities  in  the  inorganic  world,  but  form  a  very  important 
ingredient  in  some  vegetables,  particularly  those  vegetables  which 
are  most  nutritious,  such  as  bread-corn,  &c.  Hence  bone-powder 
is  so  valuable  an  article  of  manure. 
,,  ,     ,  The  union  of  the  animal  and  the  earthy  constituents 

Modes  of  com-  ■/ 

bination.  gf  ]3one  is  evidently  very  intimate,  though  the  precise 

nature  of  it  is  not  well  understood.  The  variable  proportions  in 
which  they  are  combined  to  form  bone,  and  the  facility  with  which 
they  can  be  separated,  or  partially  separated,  without  destroying 
the  shape  of  the  bone,  proves  that  if  it  be  a  chemical  union,  it  is 
not  quite  of  the  ordinary  kind. 


1  Quain's  Anatomy,  1856,  i.  p.  cxxvi. 
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Instances  of  slight  variations  in  the  proportions  in 
Variations  in     ^hich  the  animal  and  earthy  constituents  are  combined 

the  proportions  '' 

siigiit  in  differ-  are  fumlslied  hj  the  different  bones  of  the  human 
skeleton.  Dr  Owen  Rees^,  whose  results  are  in  great 
measure  confirmed  by  Bibra,  has  shewn  that  the  long  bones  of 
the  extremities  contain  more  earthy  matter  than  those  of  the 
trunk;  that  the  bones  of  the  upper  extremities  contain  somewhat 
more  than  the  corresponding  bones  of  the  lower  extremities ;  that 
the  humerus  contains  more  than  the  radius  and  ulna,  and  the 
femur  more  than  the  tibia  and  fibula.  The  vertebrae,  ribs  and  cla- 
vicle are  nearly  identical  as  regards  the  proportion  of  earthy  mat- 
ter contained  in  them.  The  bones  of  the  head  contain  considerably 
more  than  those  of  the  trunk,  somewhat  more  even  than  the  hume- 
rus. The  quantity  of  carbonate  of  lime  appears  to  be  regulated  by 
that  of  the  phosphate,  at  least  the  two  exist  in  the  same  proportions 
in  the  most  diversely  constituted  bones.  Among  mammals  the 
bones  of  herbivora  contain  the  greatest  quantity  of  earthy  matter ; 
and  human  bones  are  said  to  contain  the  most  water,  the  spongy 
bones  containing  more  than  the  shafts  of  the  cylindrical  bones.  The 
bones  of  birds,  the  granivorous  more  particularly,  are  said  to  con- 
tain more  earthy  matter,  some  silica  and  more  water  than  those  of 
mammals,  though  the  experiments  of  Bibra  and  Stark  are  not 
altogether  confirmatory  of  this.  The  bones  of  reptiles  contain 
according  to  Bibra's  analyses,  rather  less,  and  those  of  fishes 
decidedly  less,  of  saline  ingredients  than  the  bones  of  mammals ; 
and  they  further  differ  from  them  in  containing  some  sulphate 
of  soda  and  a  larger  proportion  of  water.  In  this  respect  Stark's 
analyses  do  not  altogether  coincide  with  Bibra's,  inasmuch  as  they 
shew  that  there  is  no  difference  between  the  perfectly  ossified  bones 
of  some  fish,  such  as  those  which  surround  the  mouth  of  the  stur- 
geon, and  the  bones  of  birds  or  of  mammals. 

These  differences  in  the  proportionate  quantity  of  the  animal 
and  earthy  constituents  are  less  than  might  have  been  expected, 
judging  from  the  varying  appearance  and  density  of  the  several 


^  Medico-Chirurgical  Transactions,  xxr.  406. 
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bones.  It  is  probable  also^  that  some  of  tliese  difterences,  those 
more  especially  which  have  been  pointed  out  between  the  bones 
in  the  human  skeleton,  may,  in  part,  depend  upon  the  variable  pro- 
portions of  the  membranous  and  other  matters  remaining  in  the 
minute  channels  and  cavities  of  the  bones,  and  separable  with  more 
difficulty  in  some  bones  than  others.  It  appears,  moreover,  that  the 
hardness  of  one  bone  in  comparison  with  another  does  not  depend 
upon  the  amount  of  earthy  matter  it  contains  so  much  as  on  its 
physical  structm'e ;  a  cancellated  bone  differing  in  chemical  com- 
position very  little  from  a  solid  bone^.  Dr  Stark  concludes  from 
his  numerous  experiments,  "  that  the  amount  of  earthy  matter  in 
healthy  bones  is  nearly  uniform  over  the  whole  animal  kingdom; 
and  that  neither  the  solidity  or  sponginess,  the  rigidity  or  flexibility, 
the  opacity  or  transparency  of  bones,  depends  on  an  increased  or 
diminished  amomit  of  the  earthy  matters  in  their  composition." 
^  ,  ,.^     ^         It  is  usually  stated  on  the  authority  of  Davy,  Schre- 

and  at  different  ■/  J  J  ^ 

ages;  ger  and  others,  that  there  is  a  progressive  and  consider- 

able increase  in  the  earthy  constituents  of  the  bones  with  advancing 
years.  This,  however,  would  seem  to  be  by  no  means  universally 
ti'ue.  Dr  Eees  finds  it  to  be  the  case  with  regard  to  the  long  bones 
and  the  bones  of  the  head;  those  in  the  foetus  not  containing  the 
excess  of  earthy  matter  which  he  discovers  in  those  of  the  adult. 
But  the  bones  of  the  trunk  in  the  foetal  skeleton  appear  from  his 
analyses  to  be  as  rich  in  the  proportion  of  earthy  matter  as  those  of 
the  adult.  Stark's  tables  shew  that  age  does  not  increase  the  amount 
of  earthy  matter ;  the  solid  shaft  of  the  radius  of  a  child  under  six 
years  and  that  of  an  adult  above  forty  containing  exactly  the  same 
amount  of  earthy  matter  even  to  a  fraction.  This  is  partly  con- 
firmed by  the  experiments  of  Bibra;  the  proportions  of  animal  and 
earthy  matter  given  by  him  being  nearly  the  same  in  the  foetus  of 
7  months,  in  the  man  of  30  and  in  the  woman  of  78.  It  is 
supposed  that  those  chemists  who  have  arrived  at  an  opposite 
conclusion  may  have  included  in  their  analyses  the  soft  layer  of 
cartilage  which  exists  between   the   epiphysis    and   the    shaft  of 


^  Quain's  Anoiomy,  i.  p.  cxi. 

2  Dr  Eees  finds  rather  less  earthy  matter  in  cancellated  bones.     Berzelius  and 
Stark  state  that  there  is  no  difference. 
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tlie  bone.  Whether  this  be  so  or  not  there  can  be  no  question  that 
foetal  bones  are  very  hard  and  dense  in  their  shafts;  these  being 
nearly  as  difficult  to  cut  with  the  knife  or  saw  as  the  corresponding 
parts  in  the  adult. 

in  morbid  coudi-  '  ^^^  aluiost  all  the  diseased  states  of  bones  (in  all  in- 
tious.  deed  with  the  solitary  exception  of  sclerosis)  and  in  new 

bone-formations,  including  callus,  it  appears  that  the  earthy  matter 
is  deficient  in  quantity.  This  is  especially  the  case  in  Eachitis  and 
Osteomalacia,  in  each  of  which  both  the  phosphate  and  the  car- 
bonate of  lime  are  often  reduced  to  less  than  a  (quarter  of  their 
usual  quantities.  It  would  seem  in  some  of  the  instances  of  these 
diseases  that  the  salts  of  lime,  not  being  properly  attracted  by  the 
animal  constituents  of  the  bone,  the  blood  and  urine  become  sur- 
charged Yv^ith  them.  The  latter  fluid  at  least  has  often  been  found 
in  such  cases  to  contain  an  excessive  amount  of  earthy  phosphates. 
In  caries  the  earthy  constituents  disappear  before  the  animal  matter, 
rendering  the  bone  around  the  ulcer  soft  and  easily  penetrated  by 
a  knife. 

The  attention  of  the  chemist  has  generally  been  confined  to  the 
examination  of  the  mineral  elements,  and  we  are  not  supplied  with 
many  particulars  respecting  the  composition  of  the  animal  matter  in 
morbid  conditions  of  the  bones;  where  mention  is  made  of  it,  it  is 
generally  said  to  be  unchanged.  In  one  case  of  Osteomalacia,  how- 
ever, in  a  child,  Marchand  found  that  the  "cartilage",  which  consti- 
tuted 70  per  cent,  of  the  bones,  yielded  neither  gluten  nor  chondrin. 
Although  the  quantity  of  animal  matter  is  relatively  great  in  these 
cases,  there  is  no  evidence  that  an  actual  increase — a  true  hyper- 
trophy— of  it  takes  place.  Little  also  has  been  determined  with 
reference  to  the  changes  in  the  relative  pj-oportions  of  the  mineral  con- 
stituents, or  whether,  when  one  is  removed,  it  is  replaced  by  some 
other.  Lehmann  gleans  fi.-om  the  analyses  in  our  possession  tliat  the 
carbonate  of  lime  is  first  diminished  and  subsequently  again  increased 
in  a  corresponding  proportion  with  the  phosphate,  in  diseases  of 
the  bones;  it  being  only  in  osteophytes  and  other  new  formations 
of  bone  that  we  find  the  carbonate  exceeding  the  normal  standard. 
Oil  in  banes.  ^  f^^^^^  quantity  of  oil,  varying  from  i  to   2  per 

cent.,  is  found  in  bones  from  which  the  marrow  has 
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been  cleaned  and  macerated  away  as  completely  as  possible.  It 
is  supposed  therefore  to  form  a  natural  constituent  of  the  osseous 
matrix,  just  as  it  forms  a  constant  if  not  an  essential  ingredient  in 
the  ultimate  tissue  of  muscle,  nerve,  gland,  and  other  elementary 
structures.  It  is  rather  more  abundant  in  fat  animals  than  in  lean 
ones,  and  the  bones  of  hybernating  animals  contain  more  oil  before 
than  after  their  winter  sleep.  It  is  increased  in  most  diseased 
bones,  especially  in  Eachitis  and  Osteomalacia,  though  the  in- 
creased quafitity  of  oil  forms  a  less  important  feature  in  those 
diseases  than  does  the  deliciency  of  the  earthy  matter. 

„     J  The  constituents  of  bone  are  blended  in  such  pro- 

strength  and  -t^ 

elasticity  of       portious  as  to  producc  a  structure  admirably  adapted  for 

bone, 

the  purposes  required.  It  is  exceedingly  strong,  capable 
of  bearing  great  weight  and  resisting  great  force  of  muscular  con- 
traction. It  has  been  proved  by  experiment  to  possess  twice  the 
resisting  property  of  solid  oak.  It  is  also  elastic,  as  is  shewn 
by  the  resiliency  of  the  fibula  when  its  shaft  is  pressed  against 
the  tibia,  and  by  Mr  Ward's  experiment  of  placing  the  clavicle 
at  right  angles  against  a  hard  body  and  striking  the  free  end 
a  smart  blow  with  a  hammer,  Vfhen  the  bone  will  rebound  a  dis- 
tance of  two  feet.  This  elasticity  is  a  very  important  quality, 
breaking  the  shocks  from  falls  and  blows  and  contributing  very 
materially  to  preserve  from  injury  the  delicate  nervous  and  other 
structures  that  are  connected  with  the  skeleton. 

.     ,  AVe  learn,  from  the  experiments  of  Rees  and  Bibra, 

proportionate  '  ■■■ 

to  force  of        quoted  above,  that  the  proportion  of  earthy  matter  is, 

musclGs 

on  the  whole,  greatest  where  the  bones  are  subject  to 
the  greatest  mechanical  stress,  as  in  the  shafts  of  the  long  bones  of 
the  extremities.  The  bones  are  at  those  parts  also  very  dense. 
The  density  and  strength  of  the  bones  varies  a  good  deal  in  dif- 
ferent persons,  being,  as  we  might  expect,  generally  proportioned 
with  nicety  to  the  weight  of  the  body  and  the  strength  of  the 
muscles.  In  early  life  they  are,  relatively  as  well  as  actually, 
small,  light  and  flexible,  well  suited  to  the  nimble,  almost  incessant 
movements  of  the  child,  and  well  suited  for  escaping  the  numerous 
accidents  to  which  they  are  then  exposed.  In  the  adult,  when 
muscular   force  is   the   greatest,  they   attain   their   greatest  size, 
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density,  and  strength,  being  hardest  in  those  who  are  strongest  and 
most  active.  It  has  been  calculated  that  at  the  age  of  21  the 
weight  of  the  skeleton  is  to  that  of  the  whole  body  in  the  ratio  of 
10.5  to  100  in  man,  and  that  of  8.5  to  100  in  woman  (the  average 
weight  of  the  body  being  about  125  or  130  lbs.)  \  In  old  age,  when 
the  muscular  and  other  powers  are  failing,  and  when  the  movements 
are  consequently  slow  and  cautious,  the  bones  become  lighter  and 
more  porous  and,  consequently,  more  fragile.  These  changes  in 
the  characters  of  the  bones,  whereby  they  are  adapted*  to  the  vary- 
ing conditions  of  the  muscular  system  at  different  periods  of  life 
and  under  different  circumstances,  are  brought  about,  not  so  much 
by  an  alteration  in  the  chemical  composition  of  the  bone  substance, 
as  by  an  alteration  in  the  amount  of  the  bone  substance  employed; 
in  other  words,  by  alterations  in  the  size  and  density,  and  conse- 
quently in  the  weight  of  the  bones. 

Spontaneous  So  wcll  is  tlic  balance  preserved  between  the  resist- 

racture  rare.  -^^^  powcr  of  the  boucs  and  the  contractile  force  of  the 
muscles,  that  a  fracture  is  very  rarely  occasioned  by  the  mere 
effort  of  muscular  contraction.  Such  an  accident  may,  however, 
occur  under  unusual  exertion.  Thus  the  arm  has  been  broken 
in  throwing  a  ball,  or  lifting  a  weight;  and  the  patella  is  some- 
times snapped  by  the  sudden  action  of  the  quadriceps  muscle. 
My  colleague,  Mr  Hammond,  was  called  to  a  strong  man  whose 
thigh-bone  had  been  broken  across  the  middle  by  the  severe  spas- 
modic contractions  of  the  muscles  of  the  thigh,  which  ushered  in  a 
fit  of  cholera.  I  attended  an  old  man  who  fractured  his  humerus 
when  pulling  himself  upstairs  by  the  aid  of  the  hand-rail.  In- 
stances are  also  related  in  which  a  hereditary  fragility  of  the 
bones  has  been  observed,  leading  to  fractures  from  contractions  of 
the  muscles  and  other  slight  causes.  In  by  far  the  greater  num- 
ber of  cases  of  spontaneous  fracture,  however,  some  disease — com- 
monly rickets^,  mollifies  or  cancer — has  proved  to  be  the  cause  of 
the  lesion.  It  may  be  added,  as  a  remarkable  fact,  that  in  many  of 
the  instances  of  spontaneous  fracture  resulting  from  some  change 


^  Lelnnann's  Physiological  Chemistry,  iii.  3; 
^  Virchow's  Archiv,  v.  463. 
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in  the  bone,  whatever  be  the  cause  of  that  change,  whether  it  be 
old  age  or  mollities,  or  even  cancer,  reunion  has  taken  place  in 
the  ordinary  period,  or  has  occupied  a  shorter  time  than  usual. 

The  laminated  arrangement  of  the  structure  of  bone 

The  LaminiB.       .„.,  .,.,  •  c    t        i  i      r        !•    i 

IS  famtly  perceived  m  the  sections  oi  the  dry  sliaits  oi  the 
long  bones.  It  is  still  better  seen  when  the  earthy  matter  has  been 
removed  by  steeping  in  dilute  hydrochloric  acid,  after  which  a  suc- 
cession of  thin  layers  of  the  remaining  animal  substance  may  be 
peeled  off.  The  delicate  layers  into  which  the  animal  basis  of  bone 
is  thus  capable  of  being  separated,  are  described  by  Dr  Sharpey  ^  to 
consist  of  transparent  fibres  decussating  each  other  in  the  form  of  an 
exceedingly  fine  network.  By  reversing  the  experiment  and  driving 
off  the  animal  matter  through  the  medium  of  heat  the  calcined 
laminfe  may  be  sometimes  seen  separated  from  one  another.  They 
are  also  not  unfrec[uently  exhibited  in  the  clearest  manner  in  in- 
flamed states  of  the  bone,  when  the  osseous  tissue  has  been  softened 
by  the  morbid  process  and  the  laminge  have  been  pressed  asunder  by 
the  effusion  of  new  products  between  them^  The  lamiiiJE  are  most 
marked  near  the  exterior  of  the  shafts  of  the  long  bones,  where  they 
are  disposed  circularly,  that  is  to  say,  concentrically  with  regard  to 
the  medullary  canals.  In  this  latter  situation  they  are  said  by 
Messrs  Tomes  and  De  Morgan  to  be  less  numerous  than  is  gene- 
rally supposed,  to  be  most  marked  in  bones  of  full  growth,  and  to 
afford  a  means  of  determining  the  age  at  which  a  bone  has  arrived. 
In  the  interiors  of  bones  the  laminae  surround  the  haversian  canals 
and  the  cells  of  the  cancellated  portions.  The  laminge  visible  with 
the  naked  eye  and  separable  with  the  forceps  are  composed  of  more 
delicate  lamellaj  similarly  arranged,  and  depending,  not  as  was  for- 
merly supposed  upon  any  particular  arrangement  of  the  bone  corpus- 
cles, but,  according  to  the  observations  of  Tomes  and  De  Morgan, 
upon  a  linear  disposition  of  the  granules  or  granular  cells  imbedded 
in  the  more  clear,  homogeneous,  or  slightly  granular  matrix,  each 
lamella  presenting  a  more  transparent  and  a  more  opaque  portion. 


^  Quain's  Anatomy,  1856,  i.  p,  cxx. 

^  TMs  is  well  represented  in  Lobstein's  Traite  d'Anatomie  patJiologique,   PL    ill. 
,  6. 
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This  lamellated  arrangement  of  osseous  tissue  has  been  com- 
pared with  that  seen  in  the  sections  of  many  urinary  calculi,  and  may 
be  compared  also  with  that  found  in  the  trunks  of  exogenous  trees, 
in  most  shells,  in  phleboliths,  in  certain  coagula,  and  in  many  other 
structures.  Indeed  the  tendency  to  a  disposition  in  laminee  is  a 
very  remarkable  feature  in  organized  solids.  Such  disposition  must 
depend  upon  partial  intermissions  in  the  deposition  of  the  particles 
which  compose  those  solids,  or  ujDon  variations  in  the  manner  of 
their  deposition,  and  w^ould  seem  to  indicate  that  a  greater  or  less 
periodicity  in  the  activity  of  its  processes  is  a  common  occurrence 
in  nutrition;  so  common  that  it  probably  deserves  to  be  regarded  as 
a  law  of  nutrition.  The  periods  of  alternation,  so  to  speak,  may 
vary  greatly  in  different  bodies  and  in  different  textures;  but  gene- 
ral analogy  would  lead  us  to  suppose  that  they  are  like  those  of  the 
solar  system— regular — and  that  they  take  place  in  the  softer  struc- 
tures, in  which  their  impressions  cannot  be  traced,  no  less  than  in 
the  bones.  It  need  scarcely  be  added  that  periodicity  is  a  well- 
established  fact  in  many  diseases,  as  well  as  in  many  natural  pro- 
cesses ;  a  fact  of  which  no  explanation  can  be  given  unless  it  results 
from  some  such  law  of  nutrition  as  that  just  alluded  to  as  a  pro- 
bable cause  of  the  lamination  of  bone. 

THE   SHAPE   OF   THE   BONES 
Shape  con-        jg  [^^  Qr^di  particular  case  moulded  in  adaptation  to  the 

formed  to  _    _  _  ■"■ 

arciietn^e.  positiou  tlic  boue  occupies  and  the  purposes  it  has  to 
serve.  Nevertheless  there  are  certain  general  principles  observed 
in  the  construction  of  the  skeleton.  Thus  each  bone  is,  in  a 
greater  or  less  degree,  conformed  to  the  corresponding  bone  in  other 
animals,  or  rather  to  the  archetypal  plan  upon  which  that  bone  is 
consti-ucted  in  the  w^hole  animal  series.  For  instance,  a  general 
resemblance  is  easily  traceable  in  the  humerus  of  the  reptile,  to 
that  of  the  bird,  and  of  man;  and  there  is  a  similar  resemblance 
between  the  corresponding  bones  of  the  two  extremities  in  the 
several  classes  of  animals. 

Exteriors  dense,  Sccoudly,  the  cxtcrior  of  a  bone  is  always  dense  in 
^"^  ^"°'^  ^^°''^"  comparison  with  the  interior;  the  latter  being  either 
cancellous  or  hollowed  out  into  a  cavity.     By  this  arrangement 
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the  bones  are  rendered  much  lighter  than  they  would  otherwise 
be  with  little  loss  of  strength.  This  principle  is  carried  to  great 
perfection  in  birds,  the  interior  of  the  bones  being  in  them  (in 
manj  of  them  at  least)  filled  with  air.  In  the  delicacy,  the  abun- 
dance, and  exquisite  arrangement  of  its  cancellated  structure,  how- 
ever, the  human  skeleton  exceeds  that  of  any  other  animal. 
Shafts  and  ex-  Thirdly,  the  middle  parts  or  "shafts"  of  the  long 

treuiities.  i  n    •         •  r  i     i  •         j.        j. 

bones  are  small  m  cu'cumterence  and  dense  m  structure, 
so  as  to  make  room  for  the  fleshy  bellies  of  the  muscles  which 
occupy  the  interspaces  between  the  joints.  The  extremities  of  the 
same  bones  are  expanded  by  a  cancellated  disposition  of  the  osseous 
laminte  in  their  interior,  so  as  to  render  the  joints  more  secure,  and 
to  afford  better  leverage  to  the  muscles  and  more  room  for  their 
attachment.  Tlie  wide  surface  of  contact  thus  provided  also  serves 
to  distribute  the  forces  communicated  from  one  bone  to  another 
over  a  large  space,  and  prevents  their  operating  injuriously  upon 
any  one  point. 

It  is  interesting  to  observe  the  manner  in  which  the  cancelli  are 
arranged  near  the  extremities  of  the  bones  so  that  the  direction  of 
their  plates  is  chiefly  perpendicular  to  the  articular  surface,  and 
therefore  in  the  line  of  the  pressure  the  bone  has  to  bear ;  thus 
afibrding  the  most  effective  support.  This  is  well  seen  in  the 
representations  of  sections  of  the  femur  and  tibia.  In  some  parts 
they  form  a  dense  network  beneath  the  articular  surface  which 
serves  the  same  purpose.  (See  the  astragalus  in  plate  of  section 
of  the  bones  of  the  foot.) 

Although  there  is  great  difference  in  size  between  the  shafts  and 
the  extremities  of  the  long  bones,  there  is  not  so  much  difference  in 
the  actual  amount  of  osseous  matter  contained  in  them  as  might  be 
supposed;  for  portions  of  equal  length  cut  from  both  parts  weigh 
nearly  the  same.  In  the  shafts,  the  density  of  the  osseous  structure, 
through  the  mutual  support  afforded  by  the  close  contact  of  its 
particles,  nearly  makes  amends  for  the  smaller  area  upon  which  the 
weight  is  borne  by  them,  and  for  the  greater  disadvantages  of 
leverage  against  which  they  have  to  contend — it  being  always  easier 
to  break  a  cylinder  at  the  middle  than  near  either  end — as  well  as 
for  their  more  or  less  curved  form.     I  say,  nearly  makes  amends, 
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for  it  does  not  do  so  completely.  Hence  the  shafts  are  in  the  adult 
weaker  and  more  liable  to  fracture  than  the  extremities.  Some 
assistance  is  furnished  to  them  by  ridges  and  processes  thrown  out 
at  the  parts  where  they  are  most  needed,  as  along  the  concavities 
of  the  curves.  These  projections  result  in  great  measure  from  an 
actual  thickening  of  the  walls  of  the  shafts ;  the  medullary  cavities 
not  deviating  to  an  equal  extent  from  their  cylindrical  form  (see 
plate  of  sections  of  thigh-bones).  The  latter,  therefore,  do  not 
correspond  closely,  though  they  do  in  a  general  manner,  with  the 
shape  of  the  exterior  of  the  shafts. 

It  may  be  remarked,  that,  as  a  general  rule,  the  parts  at  which 
the  shafts  are  narrowest  are  not  exactly  at  the  middle  of  the  bone; 
but  either  a  little  above  or  a  little  below  the  middle.  They  are  the 
hardest  parts,  often  the  most  curved  parts,  and  the  parts  at  which 
the  ridges  just  mentioned  stand  out  most  prominently.  One  might 
suppose  they  would  indicate  the  point  at  which  ossification  of  the 
shaft  had  commenced;  but  this  is  not  always  the  case,  inasmuch  as 
they  do  not  always  coincide  with  the  canal  for  the  medullary  artery ; 
and  the  latter  marks  the  spot  at  which  the  osseous  nucleus  was 
first  formed. 

Curves  and  '^^^®  boucs  are  in  very  few,  or  in  no  instances,  found 

TTOsts,  ^Q  -^Q  straight.     The  variety  of  curves  and  twists  which 

they  present  gives  a  slight  obliquity  to  all  the  movements,  which 
has  a  great  influence  in  imparting  ease  and  grace  to  the  carriage. 
Take  any  of  the  bones ;  it  will  be  found  that  its  articular  surfaces 
do  not  lie  in  parallel  planes,  and  the  planes  in  which  it  moves 
upon  the  contiguous  bones  do  not  coincide  with  one  another  or 
with  its  own  axis.  Hence  none  of  the  movements  of  the  limbs 
are  in  truly  perpendicular  planes;  and  they  are,  consequently,  less 
stiff"  and  awkward  than  they  would  otherwise  be.  Moreover, 
these  curves  and  twists,  by  imparting  greater  elasticity  to  the 
bones,  have  much  influence  in  preventing  the  communication  of 
jars  from  one  part  to  another,  thus  lessening  the  liability  to 
fractures,  dislocations,  and  other  injuries  of  the  skeleton  as  well 
as  that  to  concussion  and  laceration  of  the  soft  parts.  By  the 
direction  which  they  take  they  afford  additional  space  and  leverage 
to  the  muscles  where  those  are  most  required;  the  concavity  of  the 
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curve  being  generally  on  the  side  on  which  the  most  powerful 
mnscles  are  situated,  e.g.  on  the  back  part  of  the  thigh  and  leg, 
and  on  the  fore  part  of  the  arm  and  forearm.  As  a  general  rule, 
these  flexures  are  more  marked  in  short  persons  than  in  the  tall; 
and  the  greater  proportionate  muscular  strength  of  the  former, 
constituting  a  sort  of  compensation  for  the  deficiency  of  their 
stature,  is,  in  part,  attributable  to  the  greater  curvature  of  their 
bones. 

Roughnesses  Bcsidcs  the  ridgcs  above  mentioned,  which  are  in- 

and  Processes,  -fended  to  Strengthen  the  shafts,  there  are  many  rough- 
nesses and  projecting  processes  which  have  relation  to  the  attach- 
ment of  muscles,  ligaments,  and  other  ministers  of  locomotion. 
They  are  found,  not  along  the  length  of  the  bones  where  the  mus- 
cular fibres  chiefly  arise,  so  much  as  near  the  ends  of  the  bones 
where  the  tendinous  prolongations  of  the  muscles  and  the  liga- 
ments are  im]flanted.  They  serve  the  purpose  of  increasing  the 
extent  of  surface  and  connexion  between  the  tendons  and  the 
bones,  thereby  strengthening  that  connexion  to  such  a  degree 
that  it  rarely  or  never  gives  way.  Either  the  tendon  itself  may 
be  snapped,  or  the  process  of  bone  into  which  it  is  implanted 
may  be  torn  off";  but  the  bond  of  union  between  the  two  is  very 
rarely  severed,  provided  the  force  be  applied  in  the  direction  in 
which  the  tendon  or  ligament  is  intended  to  resist.  It  is  neces- 
sary to  add  the  latter  proviso  because,  when  a  fibrous  strnctm-e  is 
pulled  in  an  opposite  direction  to  that  in  which  it  is  calculated 
to  resist  traction,  it  may  sometimes  be  torn  away  from  the  bone 
without  much  difficulty.  Such  great  strength  is  rendered  necessary 
by  the  fact  that  each  tendinous  fibre  is  the  cord  by  which  many  mus- 
cular fibres  are  attached  to  the  bone,  and  it  has,  therefore,  to  bear 
a  considerable  pull  dming  the  contractions  of  the  muscle.  It  results 
from  this,  that  a  rough  spot  on  a  bone  indicates  it  to  be  a  point  of 
attachment  not  of  muscular  but  of  tendinous  or  ligamentous  fibres. 
For  instance,  the  fleshy  fibres  of  the  subscapularis  muscle  are 
attached,  not  to  the  rouo-h  ridges  on  the  under  surface  of  the 
scapula,  but  to  the  smooth  interspaces  which  the  bone  presents;  the 
ridges  being  reserved  for  the  tendinous  intersecting  bands  of  the 
muscle  and  for  the  processes  of  the  subscapular  fascia. 
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The  projecting  processes  serve  the  further  purpose 

give  increased  i  r      ^  i  i 

leverage  to        of  increasing  the   leverage   of   the  muscles    connected 
muse  es,  ^  .^^^  them.     They  do  this,  of  course,  by  distancing  the 

point  of  attachment  of  the  muscle  from  the  centre  of  motion  in 
the  joint;  but  in  proportion  as  power  is  gained  in  this  way  so 
must  velocity  of  movement  be  sacrificed.  Hence  we  find  that 
where  quick  motion  is  of  much  importance  these  processes  are 
suppressed;  and  it  is  only  where  great  strength  is  required  that 
they  are  thrown  into  much  relief.  Compare  for  instance  the 
skeleton  of  the  stag  with  that  of  the  rhinoceros.  In  the  latter 
the  various  processes  for  attachment  of  muscles  are  of  huge  size ; 
in  the  former  they  are  small.  Compare  also  the  insignificant 
tubercles  at  the  upper  extremity  of  man's  humerus  with  the  enor- 
mous corresponding  processes  of  pachydermatous  and  many  gra- 
minivorous animals.  It  is  obvious  that  the  fact  of  these  pro- 
cesses and  roughnesses  for  the  attachment  of  tendons  being,  for 
the  most  part,  situated  near  to  the  joints  upon  whicli  the  muscles 
act,  must  be  attended  with  a  considerable  loss  of  power ;  but  it  is  in 
the  same  degree  favourable  to  that  rapidity  of  movement  which  is, 
in  the  human  frame  at  any  rate,  of  far  more  importance.  It  is  so 
because  the  space  through  which  the  muscles  draw  their  respective 
points  of  insertion  is  many  times  multiplied  at  the  other  end  of  the 
bone.  For  instance,  the  space  through  which  the  tubercle  of  the 
radius  is  drawn  by  a  given  amount  of  contraction  of  the  biceps 
flexor  of  the  forearm,  is  many  times  multiplied  in  the  hand;  it  is 
multiplied  in  proportion  as  the  segment  of  the  circle  which  the 
hand  describes  around  the  lower  end  of  the  humerus  is  greater  than 
that  described  by  the  tubercle  of  the  radius,  and  the  loss  of  power 
is  necessarily  in  a  similar  ratio.  It  is  in  consequence  of  this  attach- 
ment of  the  flexor  and  extensor  tendons  near  to  the  centre  of 
motion  of  the  elbow,  tliat  we  acquire  that  rapidity  of  movement  of 
the  forearm  which  is  essential  to  the  striking  a  blow,  the  driving  a 
nail,  and  the  performance  of  a  multitude  of  useful  offices. 

From  the  relations  already  shewn  to  exist  between 

proportioned 

to  the  strength   the  boucs  and  the  muscles,  it  will  be  readily  supposed 

of  the  muscles.      ,  i      ,     ,  i  n  i  , 

that  these  processes  and  roughnesses  are  most  strongly 
marked  in  the  skeletons  of  those  persons  whose  muscles  are  the 
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most  powerful.  We  need  not  on  that  account  necessarily  infer 
that  they  owe  their  existence  and  their  size  directly  to  the  trac- 
tion exerted  upon  them  by  the  tendons ;  though  it  is  not  impro- 
bable that  they  do  so  in  some  measure.  In  tliis  and  many  other 
points  in  the  formation  of  the  skeleton  the  direct  relation  between 
cause  and  effect  is  not  very  obvious,  often  we  cannot  specify  the 
proximate  cause  at  all.  That  the  origin  of  these  prominences 
is  not  entirely  owing  to  the  pull  of  the  muscles  upon  them,  but 
is  due,  in  part  at  least,  like  the  curves  in  the  shafts,  &c.,  to  the 
same  developmental  forces  which  call  the  bone  into  existence, 
is  proved  by  their  being  modelled  in  the  foetal  cartilage  and  by 
their  not  unfrequently  possessing  an  independent  centre  of  ossi- 
fication, as  in  the  case  of  the  trochanters  of  the  femur  and  the 
tubercle  of  the  radius.  In  some  parts  also,  where  there  is  neither 
a  separate  osseous  nucleus  nor  a  jutting  out  of  the  foetal  cartilage, 
there  is,  in  the  position  of  the  future  projection,  a  bed  of  fibrous 
tissue  upon  the  surface  of  the  shaft.  This  is  well  marked  along 
the  line  of  attachment  of  the  glutseus  maximus  to  the  femur  ^;  and 
it  is  by  the  progressive  ossification  of  this  fibrous  tissue,  in  the  same 
manner  as  by  the  ossification  of  the  cartilage  in  other  parts,  that  the 
projection  of  the  bone  is  effected.  The  tendency  to  a  continuance 
of  the  ossifying  processes  at  these  parts  goes  on  with  advancing 
years  so  strongly,  that  in  many  instances  it  involves  tlie  tendons  and 
fascia3  where  they  are  implanted  into  the  bones,  and  is  the  cause  of 
the  somewhat  anomalous  fact,  that  the  projections,  ridges  and  other 
asperities,  are  often  more  pronounced  in  the  skeleton^  of  the  aged 
than  in  those  of  young  persons. 

The  same  developmental  powers  which  originate  and  give  ex- 
pression to  the  ridges  and  processes,  must  be  regarded  as  being,  in 
some  measure,  the  cause  of  the  various  grooves  in  which  the  tendons 
play,  and  still  more  of  the  pits  into  which  they  are  here  and  there 
implanted.  The  latter,  of  which  one  is  found  on  the  inside  of  the 
gTeat  trochanter  of  the  femur,  and  another  on  the  forepart  of  the 
condyle  of  the  lower  jaw,  serve,  like  the  processes,  the  purpose  of 
increasina:  the  extent  of  surface  for  the  attachment  of  the  tendinous 


^  See  this  projection  in  representation  of  section  of  Femur  at  Birth,  PI.  I.  fig.  3.  p.  35. 
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and  ligamentous  fibres.  They  are  made  use  of  where  projec- 
tions would  be  inconvenient,  or  w^here  the  leverage  afforded  by 
them  w^ould  be  useless.  In  the  instances  mentioned,  the  fibres  of 
the  short  rotators  in  the  one  case,  and  of  the  pterygoideus  externus  in 
the  other,  run  at  right  angles  to  the  surfaces  of  the  trochanter  and 
the  condyle  into  which  they  are  implanted,  and  would  consequently 
have  gained  nothing  by  the  jutting  out  of  the  bones  at  the  points 
of  their  attachment. 

We  hear  sometimes  the  expression  "duality"  ap- 

Term"cluaUty,"  t      i  ■  -i  i 

not  appucabie  plicd  to  the  ucrvous  systcm ;  and  theories  with  regard 
to  the  duality  of  the  mind  have  been  based  upon 
that  construction  of  the  brain  in  two  halves,  which  has  suggested 
the  phrase.  With  as  much  propriety  might  we  speak  of  the 
duality  of  the  skeleton,  or  of  any  body  whose  parts  are  disposed 
symmetrically  about  a  centre.  The  skeleton  originally  consists 
of  a  linear  axis  corresponding  with  the  bodies  of  the  vertebrse, 
and  lying  in  the  long  axis  of  the  embryo.  From  this  processes 
jut  out  in  pairs,  forwards,  backwards  and  on  either  side.  Certain 
lateral  processes  projected  from  the  trunk,  extend  a  considerable 
distance  and  form  the  limbs.  The  several  processes  are  almost 
exactly  symmetrical  in  their  shape  and  growth,  and,  as  might 
be  expected,  are  symmetrical  also  in  the  liability  of  their  com- 
ponent parts  to  disease.  Hence  we  so  often  find  the  same  parts  of 
corresponding  bones  affected  with  syphilis,  rickets,  ulceration,  &c.i 
This  mode  of  symmetrical  development  about  a  linear  axis  obtains 
also  in  the  nervous,  the  vascular,  and  the  mucous  systems  of 
the  embryo,  although  as  development  goes  on  the  symmetrical 
arrangement  of  some  of  the  great  circulatory  and  digestive  organs 
is  departed  from. 

So  generally  are  the  bones  of  the  skeleton  disposed  in  pairs,  as 
to  suggest  the  probability  that  those  which  occupy  the  median  line, 
such  as  the  bodies  and  spinous  processes  of  the  vertebrae,  the  vomer, 
occipital  bone  and  sternum,  are  composed  also  of  lateral  portions 


Attention  was  first  especially  directed  to  the  relation  between  symmetry  and 
disease  by  Dr  Budd  and  Mr  Paget  in  the  25th  volume  of  the  Medico- CMrurgical 
Transactions. 
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united  together.  Several  circumstances  tend  to  confirm  that  view ; 
and  in  most  of  the  bones  mentioned  it  can  be  proved  to  be  so  by 
observing  the  manner  of  their  development.  In  the  case  of  the  bodies 
of  the  vertebra3,  however,  this  has  not  yet  been  clearly  made  out. 
Whether  they  are  so  or  not — that  is,  whether  the  axial  centre  of 
the  vertebrate  system  is  resolvable  into  two  halves  or  not — matters 
little,  inasmuch  as  the  disposition  of  the  parts  of  a  body  symmetri- 
cally about  an  axis,  whether  that  axis  is  real  or  an  imaginary  line, 
cannot  constitute  duality  in  tlie  body  itself.  The  term  may  be 
properly  applied  to  the  component  parts  of  the  nervous  system  and 
to  the  several  bones,  but  not  to  either  the  nervous  system  or  the 
skeleton  as  a  loliole. 

Number  of  There  are  about  220  bones  in  the  skeleton.     Tliat 

separate  bones.  -^  ^^  ^^^ ^  220  Separate  boucs  in  the  adult  skeleton, 
namely,  in  the  skull,  24 ;  in  the  upper  extremities  (34  in  each, 
including  the  clavicle  and  scapula)  68;  in  the  lower  extremities 
(32  in  eacli)  64;  in  the  trunk,  56.  This  is  exclusive  of  the  teeth 
and  the  ossicula  auditus.  The  number  varies  at  different  periods 
of  life.  In  the  child  and  young  person  they  are  more  numerous, 
owing  to  the  segments  in  which  most  of  the  bones  are  formed 
not  having  grown  together.  Many  of  these  segments  are  the 
representatives  of  separate  bones  in  some  of  the  lower  animals. 
After  the  adult  period  the  number  is  further  diminished  by  the 
union  of  some  of  the  bones  of  the  skull ;  for  instance,  of  the 
sphenoid  and  occipital,  and  it  may  be  also  of  the  frontal,  parietal 
and  occipital,  causing  an  obliteration  of  tlie  sutures. 

THE   PERIOSTEUM. 

A  barrier  The  boucs  are  all  surrounded  by  a  tough  fibrous 

against  the        membrane,  the 'periosteum,  which  corresponds  with  the 

extension  of  •  r  ^  J- 

disease.  fibrous  capsulcs  of  otlier  organs.     Besides  other  offices 

presently  to  be  mentioned,  the  periosteum  serves  the  very  im- 
portant pm-pose  of  isolating  the  bone  from  surrounding  tissues,  and 
preventing  the  spread  of  disease  from  them  to  it.  Any  one  who 
has  watched  the  progTcss  of  disease — of  inflammatory  disease  par- 
ticularly—  cannot  have  failed  to   observe  how  very  frequently  it 
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is  confined  to  a  certain  stratum  of  tissue,  spreading  along  tliat 
tissue  for  a  considerable  distance  without  encroaching,  it  may  be 
at  all,  upon  the  adjacent  strata  above  and  below  it.  Thus  an 
inflammation  often  travels  over  the  skin  covering  a  whole  limb, 
or  it  may  remain  for  some  time  fixed  at  any  one  part  of  the  skin, 
without  ever  affecting  the  subcutaneous  cellular  tissue.  So  again 
it  is  no  uncommon  thing  for  suppuration  and  other  results  of 
inflammation  to  take  place  over  a  large  tract  of  the  last-named 
structure,  without  spreading  to  the  skin  on  the  one  side  or  the  sub- 
jacent fascia  and  muscles  on  the  other.  How  often  does  pleurisy 
run  its  course  without  involving  the  pulmonary  tissue;  and  con- 
junctivitis may  go  on  for  weeks  or  months  without  any  detriment 
to  the  internal  tunics  of  the  eye.  In  this  way  the  several  strata  of 
tissue  intervening  between  the  skin  and  the  internal  organs  forni  a 
vast  protection  to  the  latter,  constituting  so  many  barriers  against 
the  invasion  of  disease  from  the  exterior.  Were  it  not  for  this  ar- 
rangement how  fraught  with  danger  would  each  skin-wound  prove; 
as  there  would  be  nothing  to  arrest  the  spread  of  inflammation  from 
it  to  the  vital  organs  within.  That  the  periosteum  affords  this  pro- 
tection to  the  bones  there  can  be  no  doubt;  and  the  shin-bone  is 
most  deeply  indebted  to  it  for  its  comparative  immunity  in  cases  of 
ulcer  of  the  leg.  Now  and  then,  it  is  true,  the  long  continuance  of 
an  ulcer  upon  the  skin  covering  the  bone  leads  to  inflammation  of 
the  periosteum  and  thickening  of  the  bone  immediately  beneath; 
but  this  is  a  comparatively  rare  occiu*rence.  The  advantage 
afibrded  by  this  isolation  of  bone  through  tlie  medium  of  the  perios- 
teum is  most  forcibly  presented  to  us  by  the  manner  in  which  those 
bones  fare,  where  the  periosteum  does  not  form  so  complete  and 
distinct  a  sheet  between  the  bone  and  the  surrounding  parts.  Thus 
the  terminal  phalanges  of  the  fingers  and  toes  are  connected  with 
the  skin  by  means  of  tough  fibrous  threads  which  run  from  the 
deeper  layers  of  the  cutis  into  the  bone  itself,  blending,  as  it  were, 
the  skin  and  intervening  tissue,  through  which  they  pass,  with  the 
phalanges;  and  cases  are  every  day  coming  under  our  notice  in 
which  these  bones,  or  the  distal  ends  of  them,  perish  in  consequence 
of  inflammation  extending  to  them  from  the  surrounding  cellular 
tissue.     The  other  bones  of  the  hand  and  foot  are,  to  some  extent, 
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circumstanced  in  a  similar  manner  and  are  subject,  though  in  a 
much  less  degree,  to  a  like  extension  of  the  morbid  process.  This 
is  probably  the  cause  of  our,  now  and  then,  finding  the  bones  and 
joints  of  the  carpus  and  tarsus  involved  in  cases  of  phlegmonous 
erysipelas  of  the  hand  and  foot. 

The  periosteum  is  vascular,  and  is  the  means  by 

It  supplies  ves-  _  ■"- 

seis  and  ossify-  wliicli  the  external  layers  of  the  shafts  and  the  greater 
part  of  the  spongy  portions  of  the  bones  are  supplied 
with  blood.  The  vessels  form  plexuses  in  its  substance,  and  pass 
from  it  through  the  numerous  foramina  that  are  visible  on  the 
exterior  of  the  bone,  carrying  with  them  delicate  sheaths  of  fibrous 
tissue  which  assist  in  binding  the  membrane  to  the  bone.  From 
the  internal  sm'face  of  the  periosteum  also  is  produced  a  layer  of  soft 
blastema,  by  means  of  which  additions  are  made  to  the  exterior  of 
the  growing  bones.  The  process  of  ossification  going  on  in  the 
inner  part  of  this  blastema  contributes  to  the  thickness  of  the  bone; 
while  a  fresh  supply  is  continually  being  added  to  the  exterior  of 
the  blastema  through  the  medium  of  the  vessels  of  the  periosteum. 
Connection  In  foetal  aiid  youug  boiics  the  periosteum  is  thick 

vnthshafts       ^^^  vascular,  and,  in  consequence  of  the  presence  of  a 

shght  m  young  '  '  J-  i 

bones.  Considerable  quantity  of  this  soft  growing  blastema,  is 

very  easily  separable  from  the  bone,  particularly  from  the  shafts  of 
the  bones.  So  that  blows  are  likely  to  cause  an  effusion  of  blood 
beneath  the  periosteum  which  may  induce  suppuration,  leading  to 
further  loosening  of  the  membrane,  and  perhaps  necrosis.  In  the 
operation  of  amputation  also,  unless  care  be  taken  in  sawing  the 
bone  and  in  the  subsequent  sponging  and  other  manipulations,  the 
periostemn  is  very  likely  to  be  detached  to  a  considerable  distance 
from  the  cut  end  of  the  bone.  The  periosteum  is  closely  connected 
with  the  epiphysial  cartilages,  and,  passing  from  them  upon  the 
shafts,  constitutes  an  important  bond  of  miion  between  the  two.  If 
the  periosteum  be  dissected  off,  the  epiphysis  is  easily  separated 
with  it^;    the  direct  medium  of  union  between  it  and  the  shaft, 


^  The  manner  in  wMch  the  epiphyses  are  connected  with  the  periosteum  and  the 
ease  with  which  they  may  be  detached  together  from  the  shaft,  led  Du  Hamel  to 
regard  the  epiphyses,  as  well  as  the  intermediate  and  articular  cartilage,  as  formed 
by  a  thickening  of  the  periosteum. — Memoires  de  VAcademie  Royah,  1743,  p.  143. 

2—2 


20  GENERAL  OBSERVATIONS 

which  is  soft  and  blastematous,  easily  giving  way.  This  is  so 
even  after  ossification  has  taken  place  in  the  epiphysis.  Hence 
we  not  unfreqnently  meet  with  instances  in  which  the  epiphysis 
has  been  accidentally  detached  from  the  shaft,  but  remains  bound 
to  it  by  the  periosteum;  the  continuity  of  the  latter  preventing 
displacement,  and  masking  the  nature  of  the  injury.  In  like 
manner,  fractm'cs  of  the  shafts  in  young  persons,  particularly  in 
the  instance  of  the  clavicle,  are  often  unattended  with  laceration 
of  the  periosteum ;  and  are,  consequently,  liable  to  escape  detection. 
There  may  be  no  crepitus  discoverable,  the  only  definite  indication 
of  fractm-e  being  furnished  by  the  facility  with  which  the  bone  can 
be  bent  at  the  injured  part. 

closer  in  the  -^^  ycars  roll  ou  the  periosteum  becomes  less  thick 

adult  and  aged.  ^^^  vascular,  and  its  connection  with  the  bone  becomes 
closer,  the  quantity  of  soft  intervening  blastema  being  less.  At  the 
same  time  the  periosteum  ceases  to  be  the  chief  bond  of  connection 
between  the  epiphyses  and  the  shafts;  for  the  direct  uniting  medium 
between  the  two  becomes  firmer,  and,  gradually  ossifying,  holds 
them  so  strongly  together,  that  after  early  childhood  the  line  of 
union  is  capable  of  offering  as  much  resistance  as  any  part  of  the 
bone.  In  old  persons  the  periosteum  is  very  thin  and  its  vessels 
are  scanty.  The  blastema  has  disappeared,  the  process  of  ossifica- 
tion seems  to  encroach  upon  the  inner  layers  of  the  periosteum 
itself,  and  the  membrane  is  with  difficulty  separable  from  the  bone. 
It  follows,  that  in  adults  and  old  persons  separation  of  the  perios- 
teum is  less  likely  to  follow  from  blows;  and  when  fracture  occurs, 
the  periosteum  is  almost  invariably  torn  through, — in  the  adult,  it 
may  be,  at  some  part  only,  in  the  aged  it  is  generally  rent  in  its 
whole  circumference. 

Where  closely  To  the  spougy  boucs  and  to  the  long  bones,  near 

attached.  their   articular   ends,    where   it  would  be  likely  to  be 

disturbed  by  the  movements  of  the  joints,  the  periosteum  is  closely 
connected  with  the  surface  of  tlie  bone;  also,  wherever  it  covers 
a  prominent  and  exposed  portion  of  bone,  as  the  patella,  olecranon, 
great  trochanter,  &c.,  also  where  tendinous  fibres  are  implanted  into 
the  bone.  In  the  latter  case  the  periosteum  is  commonly  absent, 
the   tendons  being  implanted  directly  into  the    bone    itself.      In 
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all  these  situations,  indeed  at  whatever  parts  the  union  between 
the  Lone  and  the  periosteum  is  close,  the  latter  is  torn  through 
when  the  former  is  broken.  It  is  simply  torn  through  without  being- 
detached  from  the  surfaces  contiguous  to  the  fracture;  and  there  is, 
accordingly,  little  external  callus  formed  in  the  reunion  of  the 
fractm-e.  Along  the  shafts  of  long  bones,  and  on  the  concave  sides 
of  Hat  bones,  on  the  other  hand,  where  the  exposure  to  injury  from 
similar  causes  is  comparatively  slight,  and  where  muscular  fibres  for 
the  most  part  arise,  the  periosteum  is  less  closely  miited  to  the 
bones,  is  consequently  more  easily  detached  from  them  when  frac- 
tm-e  occm-s,  and  there  is  usually  a  greater  quantity  of  external 
callus  produced. 

By  "external"  callus  I  mean  that  which  is  often  called  "  tem- 
porary" or  "provisional"  callus.  It  surrounds  the  fracture  and 
runs  up  alongside  the  bone  beneath  the  periosteum  where  the  latter 
has  been  detached  from  the  bone.  The  amount  of  it  is,  therefore, 
generally  proportionate  to  the  extent  of  separation  of  the  periosteum. 
It  is  a  happy  provision  that  the  periosteum  is  most  easily  detached, 
and  the  external  callus  is  most  abundantly  formed,  about  the  shafts 
of  bones;  because  the  dense,  bloodless  quality  of  the  bone  there  is 
ill-adapted  to  supply  the  medium  of  reparation,  and  because  the 
consolidation  of  the  fr-actm-e  is  there  more  likely  to  be  disturbed  by 
movement.  ISTear  the  extremities,  where  the  periostemu  is  less  easily 
separated,  external  callus  is  less  required,  for  the  bone  itself  is  more 
vascular  and  therefore  better  able  to  supply  the  reparative  medium, 
the  smrfaces  of  contact  are  greater  and  the  liability  to  displacement 
is  less. 
^  .  ,  ,  This  leads  me  to  the  remark  that  the  periosteal  ves- 

Penosteal  ■•■ 

vessels  supply    gels  afford  not  only  the  means  by  which  the  bones  grow 

means  of  nutri- 
tion and  repa-    at   their    circumference,    but   the  chief  means  also    by 

which  their  nutrition  is  maintained  and  by  which  they 

are  repaired  or  reproduced    when    injured    or    destroyed.     Hence, 

whenever  we  find  that  the  periosteum  has  been  detached  by  sup- 

pm-ative  disease,  or  in  the  case  of  a  wound,  we  apprehend  that  the 

exposed  portion  of  bone  will  perish,  except  in  the  instance  of  the 

skull,  which  derives  its  chief  supply  from  the  dura  mater.    JSTever- 

theless  this  is  not  quite  so  necessary  a  sequence  as  it  is  commonly 
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supposed  to  be.  Thus  the  end  of  the  bone  in  a  stump,  though  it 
may  be  bared  of  periosteum  for  some  distance,  does  not  always 
necrose.  In  excising  the  bones  of  an  elbow-joint  crushed  between 
the  buffers  of  railway  carriages,  I  left  the  himierus  bare  for  nearly 
an  inch  above  the  sawn  end;  but  the  wound  healed  up  without  any 
further  loss  of  bone.  In  a  little  boy  the  periosteum  was  detached 
from  the  fibula  to  a  considerable  extent  by  suppuration;  yet  no 
necrosis  took  place.  A  gentleman  received  a  severe  contused  wound 
on  the  shin;  subsequent  events  proved  the  tibia  to  be  exposed  and 
necrosis  was  confidently  predicted;  but  he  escaped  without  it. 

Tliat  the  periosteum  has  much  to  do  with  the  reproduction  of 
bone  is  proved  by  experiments,  which  show  that  if  a  portion  of 
bone  be  removed  its  place  is  supplied  with  much  more  certainty  and 
expedition,  provided  its  periosteum  has  been  left,  than  when  it  has 
been  taken  away.  The  results  of  these  experiments  suggested  to 
Mr  Jordan^  the  plan  of  dissecting  up  and  reflecting  the  periosteum 
from  the  ends  of  an  ununited  fractm'e,  previously  to  refreshing  the 
sm-faces  of  the  bone  with  the  saw.  I  tried  this  in  a  case  of  fracture 
of  the  femur  where  bony  miion  had  not  taken  place  18  months 
after  the  accident,  and  found  it  no  easy  matter  to  succeed  in 
doing  it  effectually,  because  the  periosteum  was  so  closely  united  to 
the  bone  at  and  near  the  fracture.  The  patient,  a  middle-aged 
man,  died  of  erysipelas. 

In  the  nasal  and  tympanic  cavities,  where  a  mucous  membrane 
rests  upon  the  periosteum,  the  two  are  so  closely  united  together  as 
to  form  one  membrane.  A  similar  cohesion  also  exists  between 
the  dm-a  mater  of  the  brain  and  the  periosteum  of  the  interior  of 
the  skull. 

It  has  been  already  mentioned  that  the  periosteum  is  commonly 
inteiTupted  at  the  parts  where  tendons  and  ligaments  are  implanted 
into  the  bones;  the  tendinous  fibres  being  attached  directly  to  the 
elevations  and  depressions  on  the  sm'face  of  the  bone.  Some  of 
these  tendons  are  found  by  Koliiker  to  contain,  close  to  the  bones, 
delicate  isolated  cartilage  cells  between  their  fibres,  which,  probably, 
accounts  for  the  fact  that  ossification  occasionally  spreads  from  the 


•^  Medical  Times  and  Gazette,  1854. 
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bone  and  involves  a  considerable  portion  of  the  tendon.  In  some 
instances  the  periosteimi  is  not  interrupted,  but  its  fibres  are  con- 
tinuous with  those  of  the  tendon.  The  same  author  describes  the 
periosteum  to  consist  in  most  places  of  two  layers;  an  outer  layer, 
composed  of  fibrous  tissue  with  fat-cells,  in  which  the  vessels  and 
nerves  take  their  course,  and  an  inner  one,  consisting  of  elastic 
tissue  arranged  in  one  or  more  sheets.  The  vessels  and  nerves  run 
through  this  latter  in  their  course  to  the  bone.  It  was  the  opinion 
of  Du  Hamel  and  Havers  that  the  periosteum  is  composed  of  a  series 
of  lamino3  separable  by  maceration ;  and  the  former  observer  held 
the  view,  which  modern  anatomy^  has  shown  to  be  partly  true, 
that  the  bones  increase  in  thickness  by  the  addition  and  ossifica- 
tion of  successive  laminas  of  periosteum  on  their  exterior^. 


THE   VESSELS   OF   BONE. 

Periosteal  Consistently  mtli  what  has  been  just  stated  respect- 

artenes  |j-^g  ^|^g  importance  of  the  periosteum  to  the  formation, 

maintenance  and  reproduction  of  bone,  it  is  fomid  that  the  osseous 
tissue  derives  its  vessels  chiefly  from  the  periosteum.  The  arteries 
enter  the  bones  at  many  points,  through  the  pores  seen  on  their  sm'- 
faces,  which  are  comparatively  few  and  of  small  size  in  their  shafts, 
in  some  places  so  small  as  to  be  scarcely  visible  with  the  naked  eye, 
but  are  larger  and  more  numerous  in  their  extremities.  They  are 
accompanied  by  some  connective  tissue,  and,  in  yomig  bones,  by 
some  blastema.  In  the  denser  portions  of  the  bone  they  are  dis- 
tributed in  the  haversian  canals,  losing  their  muscular  coat,  yet 
scarcely  reduced  to  a  capillary  condition.  Of  the  larger  and  more 
numerous  vessels  which  enter  the  spongy  portions  a  few  pass  into 
haversian  canals  to  supply  the  bone ;  the  greater  number,  however, 
break  up  into  capillary  plexuses  and  ramify  in  the  marrow  occupy- 
ing the   cancelli.      We  have  thus  both  haversian  and  medullary 


^  Virchow,  ArcMv,  v.  409. 
^  Memoires  de  V AcacUmie  Royale,  i743- 
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systems  of  vessels  supplied  from  the  periostemn ;  tlie  latter  pre- 
ponderating, even  in  the  long  bones;  and  the  blood  supplied  by 
both  is  carried  away  by  veins  which  retiurn  to  the  periosteum. 

These  veins  pass  through  the  larger  foramina  seen  on 

and  veins.  .  •  i       i 

the  surface  of  the  bone,  not  always  m  company  with  the 
arteries,  but  separately,  the  arteries  traversing  the  smaller  holes. 
The  distinction  between  the  two  is  well  seen  in  the  skull,  where  the 
veins  occupy  considerable  channels  hollowed  out  in  the  substance 
of  the  diploe  and  pass  out  through  distinct  foramina^.  It  is  said 
that  so  long  as  they  lie  in  the  bone  the  veins  are  deprived  of  their 
outer  coats;  but  are  still  provided  with  valves.  On  a  bone  which 
has  been  thickened  by  osseous  deposit  in  consequence  of  inflamma- 
tion, these  vascular  foramina  and  the  grooves  connected  with  the 
veins,  are  very  apparent,  rendering  the  surface  coarse  and  uneven. 
Medullary  The  "  medullary  artery,"  specially  so  named,  runs 

arteries,  tliiough  ail  obliquc  caiial  in  the  wall  of  the  shaft  of  each 

of  the  long  bones,  and,  having  reached  the  medullary  canal,  divides 
into  an  ascending  and  a  descending  branch.     The  blood  contained 


in  it  is  distributed  almost  entirely  in  capillary  plexuses  in  the 
medullary  tissue.  In  the  well-injected  bone  of  a  young  child  its 
offsets  may  be  seen  taking  the  direction  of  the  laminae  of  the  spongy 
tissue,  and  occupying  the  interspaces  between  them :  thus  in  the 
lower  end  of  the  femm*  they  take  a  nearly  parallel  direction  towards 
the  articular  surface.  A  few  of  its  branches,  however,  reacli  the 
innermost  of  the  haversian  canals  and  anastomose  there  with  the 
periosteal  vessels,  so  that  the  periosteum  may  be  injected  from  the 
medullary  artery.  A  vein  accompanies  the  medullary  artery,  and 
returns  the  chief  part  of  the  blood  supplied  by  it. 

The  point  at  which  the  medullarv  artery  enters  is 

point  of  en-  ■"■  d  j 

trance  and  not  quitc  coustaut  ill  the  same  bone.  Thus  in  the  femur 
it  may  be  near  the  upper  or  lower  part  of  the  shaft,  or 
at  some  intermediate  point;  or  there  may  be  two  openings,  one 
above  and  the  other  below.  The  direction  which  it  takes,  how- 
ever, though  different  in  different  bones,  is  very  constant  in  the 
same  bone;  it  has  a  miiform  relation  to  the  mode  of  ossification  of 


-  See  the  Plates  in  Breschet's  work,  Bur  le  Syslhnc  Veineux. 
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the  bone,  and  is  invariably  slanted  towards  that  end  at  which  the 
epiphysis  is  first  united  to  the  shaft.  Thus  it  slants  towards  the 
upper  end  of  the  femur  and  the  lower  end  of  the  tibia  and  fibula 
(Plate  I.  figs.  2  and  8);  the  reverse  being  the  case  in  the  upper 
extremity,  viz.  towards  the  lower  end  of  the  humerus  and  the  upper 
ends  of  the  radius  and  ulna.  When  there  is  only  one  epiphysis 
the  canal  for  the  medullary  artery  is  directed  towards  that  end  Avhere 
the  epiphysis  does  not  exist.  Thus  it  slants  towards  the  acromial 
end  of  the  clavicle  (Plate  I.  fig.  1),  towards  the  distal  end  of  the 
metacarpal  bone  of  the  thumb  and  great  toe,  and  towards  the  prox- 
imal end  of  the  other  metacarpal  bones.  This  fact  was  observed 
by  Berard^,  who  attributes  the  earlier  union  of  the  one  epijjhysis  to 
the  better  supply  of  blood  furnished  to  it  in  consequence  of  the 
artery  taking  that  direction.  The  orifice  of  the  canal  for  the  medul- 
lary artery  marks  the  spot  at  which  the  osseous  nucleus  first 
appeared  in  the  fojtal  cartilage,  and  the  direction  of  the  canal  marks 
the  direction  in  which  ossification  first  advanced;  the  prelude  to  the 
conversion  of  cartilage  into  bone  being  usually  the  appearance  of 
a  blood-vessel,  around  which  the  process  begins. 

I  believe,  too,  it  is  a  general  rule,  though  there  are  some  excep- 
tions, as  in  the  ulna  and  the  fom'  smaller  metatarsal  and  metacarpal 
bones,  that  the  canal  for  the  medidlary  artery  takes  the  direc- 
tion in  which  the  shaft  is  hardest  and  smallest,  and  in  which  the 
medullary  canahis  most  marked  and  reaches  nearest  to  the  end  of 
the  bone.  We  might  anticipate  that  this  would  be  the  case,  because 
the  marrow  is  there  most  abundant  and  is  peculiarly  dependent  upon 
the  medullary  artery  for  its  supply  of  blood,  in  consequence  of  the 
density  of  the  wall  of  the  shaft  at  this  part  precluding  the  entrance 
of  many  vessels  from  the  periosteum. 

to  be  found  in  Tlicsc    cauals    for   the    medullary    arteries    are    not 

flat  and  short     vigculiar  to  tlic  sliafts  of  long  bones.     They  exist  also 

bones  as  well  as  ^  ^  _  '' 

in  the  long.  in  iiiost  of  the  flat  bones;  and  in  the  short  spongy  bones 
there  are  commonly  to  be  discovered  certain  canals  for  vessels  larger 
than  others,  which  run  towards  some  part  in  the  interior  where  the 
cancelli  are  thinnest  and  the  cells  between  them  largest.   These  parts 


^  Archives  Gen.  cle  MSdecine,  Vol.  vii. 
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correspond  with  the  mediillaiy  canals  of  the  long  bones;  and  the 
vessels  which  run  to  them  correspond  with  the  medullary  arteries. 
Thus  a  well-marked  vascular  canal  enters  the  middle  of  the  hinder 
part,  and  runs  forwards  through  the  spongy  substance  occupying 
the  middle  of  the  body  of  each  of  the  vertebraj^  Again,  on  the 
under  side  of  the  astragalus,  in  the  groove  between  the  articular 
sm'faces,  and  at  the  corresponding  upper  side  of  the  os  calcis,  are 
the  openings  of  vascular  canals  which  run  into  the  adjacent  cancellous 
texture  of  the  respective  bones,  the  texture  there  being  more  spongy 
than  at  any  other  part  (see  Plate  of  section  of  foot-bones).  These 
are  the  points  at  which  ossification  commences  in  the  respective 
bones,  and  I  have  several  times  seen  the  delicate  vessels,  the  pre- 
ludes to  ossification,  entering  the  foetal  cartilage  at  these  spots  and 
ramifying  in  these  parts. 

One  remark  which  springs  out  of  these  observations  is  this,  that 
the  part  of  each  bone  at  which  ossification  begins  in  the  foetus 
is  that  which  becomes  the  medullary  canal,  or,  what  corresponds  to 
it,  the  most  spongy  portion  in  the  adult.  At  first  it  is  made  into 
solid  bone,  and  subsequently,  as  development  and  growth  go  on,  it 
becomes  cancellous.  Why  was  it  not  made  cancellous  at  once, 
instead  of  being  formed  dense  in  the  first  instance,  and  afterwards 
altered?  This  apparent  defect  in  contrivance  is  explained  by  the 
fact  that  bone  is  first  formed  at  that  part  of  the  foetal  cartilage  at 
which  strength  is  most  wanted,  viz.  about  the  middle,  and,  being 
of  small  size,  it  is  made  solid.  Afterwards,  as  the  bone  enlarges, 
this  central  part  becomes  included  within  the  layers  produced 
aromid  it;  so  that  if  it  remained  solid  it  would  increase  the  weight 
without  adding  to  the  strength  of  the  bone.  It  is,  therefore, 
removed  altogether,  or  reduced  to  an  extremely  spongy  condition. 
Anastomosing  ^^^^  ^^''^  systems  of  vcsscls  Springing,  one  from  the 

vessels.  periosteal   and   the   other   from  the   medidlary  trmiks, 

anastomose,  as  has  been  mentioned,   in   the  innermost  haversian 


^  The  analogy  thus  suggested  between  the  body  of  a  vertebra  and  the  long  bones 
is  further  carried  out  by  the  former  being  at  its  middle  narrower  and  denser  on  the 
exterior  than  it  is  at  the  upjjer  and  lower  ends,  as  well  as  by  the  epiphyses  next  to  the 
intervertebral  substance  which  ossify  late,  and  are  joined  to  the  rest  of  the  body 
later  still. 
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canals ;  and  instances  have  occiUTed  in  whicli,  tlie  medullary  artery 
having  been  obliterated,  a  supply  of  blood,  sufficient  for  the  interior 
of  the  bone,  has  been  drawn  through  these  anastomosing  branches 
from  the  periosteal  vessels. 

In  the  twentieth  volinne  of  the  Medico-  Chirurgical  Transactions 
is  a  paper  by  Mr  Ciuling  shoAving  that  when,  in  cases  of  fracture, 
the  medullary  artery  has  been  torn  the  portion  of  bone  supplied  by 
it,  above  or  below  the  fracture,  as  the  case  may  be,  undergoes 
atrophy,  for  the  most  part,  in  a  greater  or  less  degree.  Such 
an  effect  may  be  sometimes  traceable;  but  not  in  most  instances 
with  sufficient  certainty  to  be  a  matter  of  much  importance.  As 
a  general  rule,  it  would  seem  that  the  anastomosing  periosteal 
branches  are  sufiicient  to  maintain  the  supply  to  the  interior  of  the 
bone,  when  the  medullary  artery  is  interrupted  by  fracture  or  by 
any  other  cause. 

Direction  of  ^hc  vascular  canals  of  bones  form  plexuses  resem- 

vesseis.  bliug  the  plexuses  of  vessels  in  soft  structm-es,  and  like 

them  take  different,  though  determined,  directions  in  different  parts. 
In  the  compact  substance  of  the  long  bones  they  rmi,  for  the  most 
part,  parallel  with  the  axis  of  the  shaft,  and  are  connected  by  cross 
branches  so  as  to  form  elongated  meshes,  like  those  of  muscle, 
nerve,  &c.  In  the  flat  bones  they  are  generally  parallel  with  the 
surface,  sometimes  radiating  fr-om  a  point  in  a  stellate  manner  to- 
wards one  or  several  sides.  Even  in  the  short  bones  there  is  usually 
one  predominant  direction  in  which  the  canals  run,  as  vertical  in 
the  vertebrae,  that  of  the  long  axis  of  the  extremity  in  the  carpal 
and  tarsal  bones,  &c.^ 

Some  few  bones — the  delicate  plates  of  the  asthmoid,  palate,  and 
lachrymal  bones — have  neither  haversian  canals  nor  cancelli.  Conse- 
quently they  have  no  vessels,  but  draw  their  noui-ishment  from  the 
periosteal  plexuses  which  are  not  far  removed  from  any  part  of  them. 
The  diameter  of  the  vascular  canals  being  greater 

Enlargement  of  o    o 

vessels.  than  that  of  the  vessels,  the  latter  are  capable  of  under- 

going dilatation  and  congestion,  the  effects  of  which,  gi-vang  a  red 
colom-  to  the  bone,  are  seen  in  inflammation  o£:its  substance,  and 


^  Kolliker's  Manv.al,  I.  igi. 
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under  other  circumstances.  Cases  have  been  recorded^  In  which  the 
medullary  artery  becoming  enlarged  in  consequence  of  the  growth 
of  tumours,  the  canal  has  enlarged  also,  even  acquiring  such  size  as 
to  admit  the  little  finger.  This  capability  of  enlarging,  possessed 
both  by  the  arteries  and  their  containing  canals,  explains  the  fact 
of  pulsation  having  been  so  often  observed  in  tumom-s  of  bones, 
particularly  in  those  of  an  encephaloid  character:  the  pulsation 
being  evinced  in  certain  directions  more  distinctly  in  consequence 
of  the  resistance  which  is  offered  to  it  in  others  by  the  unyielding 
framework  of  the  bone.  The  cancellated  structure  of  the  lower 
end  of  the  femur  and  of  the  upper  end  of  the  tibia  seems  to  be 
particularly  favourable  to  the  formation  of  growths  of  this  kind, 
which  pass  under  the  names  of  "erectile"  tumours,  "blood" 
tumom's,  "pulsating"  and  "encephaloid"  tumours. 


NERVES    AND   LYMPHATICS   OF   BONE. 

Few  nerves  re-  Ncrvcs  are  Supplied  rather  liberally  to  the  periosteum; 
quired  in  bone,  g^^^^  ^^  Sufficient  uumber  enter  the  several  vascular  canals 
and  ramify  with  the  vessels,  both  the  medullary  vessels  and  the  fine 
vessels  derived  from  the  periosteum,  to  confer  on  bones  that  low 
amount  of  sensibility  which  is  all  that  is  requisite,  or  even  desirable, 
for  the  performance  of  their  mechanical  offices  and  for  the  purposes 
of  nutrition.  Indeed,  the  use  of  their  nerves  would  seem  to  be 
displayed  when  any  diseases  or  accidents  befall  the  bones  rather 
than  in  the  healthy  state.  Under  those  circumstances  the  scanti- 
ness of  their  number  is  compensated  by  their  being  enclosed  in 
rigid  channels,  and  being  consequently  subjected  to  compression  by 
the  swelling  of  the  vessels  and  the  efi'usions  into  the  canals  in  which 
they  run.  The  peculiar  dull,  aching,  heavy,  intolerable  pain  ex- 
perienced on  these  occasions  rather  indicates  this  to  be  its  cause. 
It  is  often  very  intense  when  the  nerves  passing  between  the  bone 
and  periosteum  are  being  stretched  by  the  formation  of  a  quickly 
growing  tumour — encephaloid  for  instance — in  this  situation.    Many 


^  Stanley  0)i  tJie  Bones,  p.  203. 
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diseases  of  bone,  however,  sucli  as  some  forms  of  ulceration,  and  de- 
stniction  hy  scirrhous  and  epithelial  cancer,  may  go  on  to  a  great 
extent  without  much  pain.  Judging,  too,  from  the  slight  constitu- 
tional disturbance  that  commonly  follows  even  severe  and  protracted 
operations  on  the  bones,  we  may  infer  that  the  sympathies  of  the 
system  are  not  very  easily  excited  through  their  medium. 

In  considering  the  question  of  the  nervous  supply  to  a  part,  it  is 
well  to  remember  that,  as  the  nutritive  and  circulatory  processes  are 
by  no  means  restricted  to  the  blood-vessels  and  their  immediate 
vicinity,  so  the  nervous  functions  may  be,  and  probably  are,  extended 
to  some,  and  that  a  variable,  distance  beyond  the  exact  course  of  the 
nerve-fibres.  Were  this  not  so,  the  bundles  of  nerve-fibres  would  be 
quite  insufficient  to  communicate  sensory  and  volitional  impressions 
to  the  difterent  parts  of  the  body.  We  must  not,  therefore,  suppose 
that  a  part  is  entirely  destitute  of  nervous  influence  because  few  or 
no  nerves  can  be  traced  into  it.  Moreover,  the  solid  structure  of  the 
skeleton,  as  we  find  in  the  instance  of  the  teeth  and  nails,  is  capable 
of  transmitting  impressions  to  nerves  through  a  greater  distance 
than  is  possible  in  the  soft  parts,  which  renders  a  smaller  number  of 
nerves  necessary  to  confer  the  requisite  amount  of  sensation.  That 
a  certain  amount  of  nervous  energy  is  necessary  to  the  maintenance 
of  perfect  nutrition,  or  at  any  rate  to  the  reparation  of  bone,  has  been 
infeiTcd  from  a  few  instances  in  which  the  reunion  of  the  broken 
bones  of  paralysed  limbs  has  been  delayed  beyond  the  usual  period: 
though  it  is  probable  that  in  these  instances  other  causes,  besides 
the  mere  loss  of  nervous  supply,  may  have  interfered  with  the 
processes  of  repair,  especially  as  in  other  cases  of  a  similar  kind 
reunion  has  taken  place  very  well. 

Lymphatics  have  not,  according  to  Kolliker,  been 
traced  \\utli  certainty  either  into  periosteum  or  bone. 
By  other  anatomists  they  are  described  as  being  visible  on  the 
surface  of  the  bone  and  in  the  periosteum;  and  Cruikshank,  after 
a  successful  injection,  saw  them  ramifying  in  the  substance  of  a 
dorsal  vertebra  \ 


^  Anatomy  of  Absorbing   Vessels,   1790,  p.  198. 
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THE  MAKROW. 

Wlien  first  formed,  tlie  bones,  like  tlie  cartilages  that  preceded 
tliem,  are  solid.  At  birth  they  are  nearly  solid,  with  merely  a 
narrow  canal  for  the  medullary  artery  and  minute  vacuities  in  the 
parts  where  cancellated  structure  is  subsequently  formed.  (PL  I. 
figs.  2  and  3.)  As  they  increase  in  size  their  interiors  become 
hollowed  out  and  reduced  to  a  spongy  condition;  or,  by  a  further 
continuance  of  the  same  process  of  resorption,  larger  cavities  are 
formed  in  them.  By  this  means  they  are  rendered  much  lighter 
with  very  little  loss  of  strength.  The  cells  and  cavities  thus  formed 
are  filled  by  a  substance  of  low  specific  gravity  called  "marrow," 
which  varies  in  its  composition  in  different  bones  and  at  different 
periods  of  life. 

In  some  of  the  short  bones — the  bodies  of  the  vertebrse, 

Watery  marrow.  .  •ii 

the  basis  oi  tiie  sliuii  and  tlie  sternum  more  particularly 
— the  marrow  has  a  reddish  colour  and  consists  of  connective  tissue 
enclosing  an  albuminous  fluid  in  its  areolaj,  with  but  very  little  oil, 
which  accounts  for  the  fact  that  these  bones  are  soon  cleaned 
by  maceration.  According  to  Kolliker,  it  contains  minute,  round- 
ish nucleated  cells  like  those  which  he  finds  in  young  medulla^ 
It  is  fomid  on  analysis  that  75  parts  consist  of  water,  and  the 
remainder  of  albuminous  and  fibrinous  matter  with  some  salts  and 
a  mere  trace  of  oil. 

In  the  long  bones  of  the  well-nourished  adult  the 

marrow  consists  of  a  yellow  oily  fluid  contained  in 
vesicles,  like  those  of  common  fat,  which  are  imbedded  in  the 
areolai  of  a  highly  vascular  membrane — the  medullary  membrane. 
It  differs  greatly  from  the  marrow  of  the  bones  just  mentioned  in 
its  composition,  consisting  of  96  parts  oil  and  only  4  water,  con- 
nective tissue  and  vessels.  This  rich  oily  compound  is  confined 
to  the  long  bones  of  the  adult,   and  in  them,  according  to  the 


1  The  similarity  of  the  constituents  of  certain  tumours  to  these  cells  has  induced 
Mr  Paget  to  apply  to  them  the  term  "myeloid"  (/j.ue\wdrjs,  marrow-like).  Lectures  on 
Surcjical  Pathology,  ii.  2 12. 
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observations  of  the  most  careful  liistologists,  docs  not  pass  into 
the  haA-ersian  canals  of  the  compact  osseous  substance.  The 
yomiger  the  individual  the  less  marrow  do  the  bones  contain,  and 
the  proportion  of  oil  in  it  diminishes,  till  we  come  to  the  foetal 
bones  and  cartilages  in  which  there  are  neither  medullary  spaces 
nor  marrow.  In  emaciated  and  rickety  persons  also,  and,  it  is 
said  likewise  in  the  very  aged,  though  probably  it  is  not  so  in 
those  who  continue  fat,  the  marrow  becomes  thin  and  watery, 
containing  in  some  only  a  third  or  a  fourth  part  of  the  normal 
proportion  of  oil,  the  other  constituents  consisting  of  water  with 
some  albumen.  Hence  it  appears  that  the  quantity  of  oil  in  the 
bones  affords,  as  a  general  rule,  a  measure  of  the  vigom-  with  which 
the  work  of  nutrition  is  conducted  throughout  the  body,  and  we 
perceive  the  force  of  the  expression  of  Job  who,  speaking  of  a  man 
in  full  strength,  says  his  "bones  are  moistened  with  marrow." 
Composition  '^^^^  ^^^7  i^^^ttcr  of  the  marrow  is,  in  its  natm-al  state, 

and  uses.  composcd  of  the  same  materials  as  common  fat,  in  some- 

what diiferent  proportions;  the  oleine  being  in  rather  greater 
quantity  in  relation  to  the  other  constituents.  Being  of  compara- 
tively low  specific  gravity  it  is  well  suited  to  fill  the  cavities  of 
the  bones,  forming  an  advantageous  substitute  for  the  bony  matter 
Avhicli  preceded  it  and  which  was  cleared  away  in  the  course  of 
development  and  growth.  In  this  respect  it  is  second  only  to  air 
which  fills  the  corresponding  cavities  in  the  bones  of  many  birds, 
and  which  fills  also  the  sinuses  about  the  nose  and  ear  in  man. 
It  cannot  fulfil  two  of  the  uses  commonly  assigned  to  fat,  that, 
namely,  of  retaining  the  heat  of  the  body  and  that  of  giving 
rotundit)'  to  the  frame;  but  it  may  perform  the  same  fanctions  in 
relation  to  nutrition,  whatever  they  be,  which  the  fat  stored  in 
other  parts  would  seem  to  subserve.  The  precise  nature  of  these 
fimctions  it  yet  remains  for  physiological  chemists  to  point  out, 
our  views  respecting  them  being,  at  present,  scarcely  satisfactory. 
The  marrow  is  well  supplied  with  blood,  by  far  the  greater  part  of 
that  which  enters  the  bone  by  the  periosteal  as  well  as  by  the 
medullary  vessels  being  distributed  to  it;  whence  we  may  infer, 
■^-ith  tolerable  certainty,  that  the  changes  going  on  in  its  composi- 
tion are  gTeater  than  those  in  the  osseous  structm'e  itself.     These 
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changes  must  have  reference  to  some  purpose  useful  to  the  economy; 
for,  were  it  not  so,  the  bones  woukl  scarcely  have  been  filled  by  so 
vascular  a  material. 

Removed  in  ^0^  ^uly  docs  the  maxrow  lose  its  perfect  composi- 

diseasesofbone.  ^^^^^  when  the  general  nutritive  powers  fail;  but  it  often 
becomes  removed  altogether  when  disease  attacks  the  bone.  Thus,  in 
an  early  stage  of  inflammation,  the  marrow  is  cleared  away  leaving 
the  cancelli  clean  and  white;  and  in  sequestra  of  the  shafts  of 
bones  separated  after  necrosis,  not  only  is  the  marrow  gone  but  the 
cancellous  structure  has  commonly  been  removed  with  it  from  the 
interior  of  the  bone.  After  fracture  the  marrow  disappears  from 
the  neighbourhood  of  the  broken  part  and  does  not  reappear  till 
some  time  after  reunion.  After  amputations  also  the  oily  matter  is 
removed,  and  a  cellulo-vascular  substance  is  formed  at  the  truncated 
end  of  the  bone,  till  the  medullary  canal  is  closed  up  by  the  growth 
of  bone  over  its  extremity.  In  the  case  of  cancer  attacking  a  bone 
the  marrow  retains  its  natural  oily  character;  at  least  it  has 
appeared  so  in  the  instances  I  have  seen.  This  accords  with  what 
we  find  when  cancer  affects  other  organs;  the  fatty  matter  in  them, 
and  indeed  in  the  system  generally,  being  often  rather  increased, 
relatively  if  not  actually. 

Medullary  Tlic  medullary  membrane  is  the  membranous  tissue 

membrane.  ^^^  whicli  the  oil  vcsiclcs  of  the  marrow  are  imbedded, 
in  which  the  blood-vessels  ramify,  and  which  lines  the  cells  of  the 
osseous  cancelli.  It  ministers,  therefore,  both  to  the  marrow  and  the 
interior  of  the  bone,  and  may  be  called  either  "medullary"  or 
"  endosteal." 

Medulla  in  The  boiics  of  fislics  are  solid,  though  very  spongy, 

annnais.  ^^-^^  tliosc  of  tlic  slow,  hcavy  rcptilcs,  like  those  of  the 

human  foetus,  contain  no  medullary  cavities;  except  in  the  instance 
of  crocodiles  and  some  of  the  large  land-lizards,  in  which  they  are  of 
considerable  size.  Neither  in  fishes  does  the  cancellated  structure 
contain  oily  matter,  with  the  exception  of  that  of  the  vertebrae  and  a 
few  bones  of  the  head.  In  the  other  bones  the  cellular  spaces  are 
filled  with  a  watery  fluid  holding  a  small  quantity  of  saline  matter  in 
solution  or  some  album ino-gelatinous  substance;  and  in  many,  owing 
to  an  incompleteness  of  the  ossifying  processes,  the  structure  is  partly 
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made  up  of  cartilage.  Hence  the  bones  of  these  animals  lose  more 
than  three  quarters  of  their  weight  in  drying,  and  are  more  transpa- 
rent than  other  bones.  Birds,  when  young,  have  an  imperfect  medulla 
(an  oleo-albuminous  fluid)  in  their  bones.  This  is  said  to  remain 
while  the  bones  are  growing,  i^fter  they  have  attained  their  full 
size,  when  the  bird  gets  upon  the  wing,  their  medullary  cavities  are 
enlarged  and  contain  air,  the  principle  of  lightness  being  in  them 
earned  out  to  the  fullest  extent.  The  number  of  bones  into  which 
air  is  admitted  is  proportionate  to  the  powers  of  flight  of  the  bird. 
Thus  in  the  Swift  it  finds  its  way  into  most  of  the  bones;  whereas, 
in  the  Ostrich  and  its  allies  the  shafts  of  the  long  bones  are  partly 
occupied  by  medullary  cancelli,  and  in  the  Apteryx  none  of  the  bones 
receive  any  air  at  all;  these  conditions  represent  arrested  stages  of 
the  development  through  which  the  bones  of  the  flying  birds  have 
passed.  In  some  of  the  mammals  which  approach  nearest  to  rep- 
tiles in  their  sluggish  movements,  the  Sloths,  for  instance,  and  in 
Whales  and  Seals,  which  are  adapted  to  the  condition  of  fishes, 
there   are  no  distinct  medullary  canals. 

THE    FOEMATION    OF    THE   BONES 

has  at  all  times  received  a  very  large  share  of  attention  from 
physiologists;  and  the  different  statements  that  have  been  made 
respecting  it  sufiiciently  prove  the  difficulty  of  acquiring  an  accu- 
rate knowledge  of  the  several  steps  of  the  process.  One  thing 
seems  certain;  namely,  that  the  bones  are  not  in  any  instance 
a  primary  formation,  but  always  result  from  the  transformation  and 
earthy  impregnation  of  some  pre-existing  tissue,  which  may  be 
cartilage,  nucleated  blastema,  or  some  other. 

Commencement  ^^  ^  vcry  early  period  of  fcetal  life,  as  soon  as  any 
of  process,  structure  at  all  is  perceptible,  the  embryonic  material, 
from  which  the  bones  are  to  be  formed,  becomes  mapped  out,  as  a 
soft  gelatinous  substance  contained,  perhaps,  in  a  delicate  membrane. 
It  may  be  distinguished  from  the  other  tissues  by  being  rather  less 
transparent ;  but  at  this  early  period  the  elementary  cells  and 
amorphous  matter  of  which  it  is  composed  resemble  very  much  those 
of  the  other  embryonic  structm-es.    Soon  it  acquires  a  slight  increase 
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of  density;  perhaps  from  the  formative  cells  accumulating  in  greater 

numbers   in   its   substance.     From  this  beginning  the  bones  are 

formed  in  two  wavs.     Either   the   formative   tissue  is 

continuance  •' 

by  means  of  couvcrtcd  iuto  Cartilage,  which  in  course  of  time  is  re- 
cr  of  Bias-  placed  by  bone;  and  bones  produced  in  this  way  are 
sometimes  called  primary  bones :  or  a  membrane  is 
formed  upon  which  a  soft  blastema  is  developed,  and  the  ossifying 
process  takes  place  in  this  blastema,  giving  rise  to  what  are  called 
secondary  bones. 

I  think  the  terms  "primary"  and  "secondary"  are  not  well 
chosen,  being  likely  to  lead  to  misconceptions  respecting  the  forma- 
tion of  the  bones,  and  that  they  had,  therefore,  better  be  discontinued. 
Indeed,  it  does  not  appear  to  be  desirable  that  any  classification  of 
the  bones  should  be  based  upon  this  difference  in  the  mode  of  their 
development.  For,  first,  the  difference  between  the  two  processes  is 
not  essentially  very  gi-eat,  and,  secondly,  they  are  combined  together 
in  the  formation  and  growth  of  by  far  the  larger  proportion  of  the 
skeleton.  Thus  all  the  long  bones,  if  not  in  the  very  first  instance 
formed  through  the  medium  of  cartilage,  are,  at  any  rate,  in  great 
measm-e  so  produced  dming  foetal  life;  and  their  increase  in  length 
dm'ing  the  whole  period  of  growth  is  mainly  attributable  to  the 
ossification  of  the  continually  increasing  cartilage  that  lies  between 
their  shafts  and  their  ej^iphyses.  These,  therefore,  if  any,  would 
properly  deserve  to  be  called  "primary"  bones.  Yet,  from  a  very 
early  period,  their  increase  in  thickness  is  almost  entirely  effected, 
not  by  means  of  the  formation  and  ossification  of  cartilage,  but 
by  the  deposition  of  ossifying  blastema  upon  their  exterior.  Again, 
the  lower  jaw  would  seem  to  be  formed  primarily  and  chiefly 
by  the  latter  method,  i.  e.  by  the  ossifying  blastema,  and  should, 
therefore,  be  called  a  "secondary"  bone,  yet  it  is  increased  in  the 
direction  of  its  condyle,  through  the  addition  of  cartilage. 
Ossification  in  The    proccss   by    ossifying  blastema    is   the   more 

Blastema.  simple  and  expeditious  mode  of  forming  bone.  The 
blastema  appears  to  resemble  very  much  that  of  common  connective 
tissue ;  it  consists,  that  is  to  say,  of  an  indistinctly  fibrillated  matrix 
with  small,  round,  simple  cells  scattered  through  it.  When  ossifi- 
cation commences  the  matrix  becomes  rather  more  opaque,  and  its 
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fibrous  character  becomes  more  distinct ;  the  component  fibres  are 
collected  into  bundles  not  unlike  those  of  fibrous  or  connective 
tissue,  which  are  arranged,  more  or  less,  in  a  reticulated  manner. 
Gradually  they  become  more  and  more  opaque  and  granular  from 
impregnation  Avith  earthy  matter,  and  are  converted  into  the  homoge- 
neous matrix  of  bone\  while  the  cells  which  are  involved  with  them 
are  supposed  to  shoot  out  into  the  irregularly  shaped  bone-corpuscles, 
from  which  the  canaliculi  are  extended  by  resorption  of  the  sur- 
rounding bone  substance,  or  in  some  unknown  way.  The  bone 
thus  formed  is  from  the  first  areolar.  The  interstitial  spaces  con- 
tain vessels  and  blastema,  and  by  the  progressive  ossification  of 
the  latter  the  walls  of  the  areolaj  are  thickened,  and  the  bony  tissue 
is  rendered  more  solid.  Nevertheless  there  is  at  the  same  time  in 
many  places  a  resorption  of  portions  of  this  newly  formed  osseous 
tissue,  by  which  the  areola  are  enlarged  and  thrown  into  one  another, 
and  a  regular  cancellated  structm*e  is  produced.  By  the  combina- 
tion of  these  two  processes — the  addition  of  freshly  ossified  layers 
to  the  areolar  walls  in  some  spots,  and  an  absorption  of  them 
at  others — a  kind  of  internal  gTowth  is  maintained,  and  we  can 
thus  miderstand  how  it  is  that  the  enlargement  of  the  areolfe  goes 
on  simultaneously  with  the  thickening  of  their  walls. 

It  is  now  generally  admitted  that  the  facial  and  cranial  bones, 
with  the  exception  of  those  at  the  base  of  the  skull  where  cartilage 
is  required  to  give  strength,  are  formed  in  this  way  by  the  direct 
ossification  of  a  sort  of  connective  tissue  derived  from  blastema,  with- 
out the  intervention  of  any  cartilage  whatever.  The  blastema  is 
formed  upon,  or  in  the  substance  of  the  membranous  envelopes  of 
the  brain. 

Ossification  in  The  proccss  of  ossificatiou  in  cartilage  is  more  com- 

cartiiage.  ^j^^  ^^^^  difiicult  to  follow.  In  the  first  placc,  the  cells 
of  the  cartilage  (each  containing  a  nucleus  or  nuclei)   are  collected 


1  Though  the  matrix  of  bone  is  called  homogeneous,  and  ajjpears  to  be  so  when 
seen  in  the  usual  way,  it  exhibits  a  finely  granular  structure  under  high  magnifying 
power,  and,  as  before  mentioned,  it  is  capable  of  being  resolved  into  delicate  lamella, 
which  again  are  made  up  of  transparent  decussating  fibres.  It  seems  probable  that 
these  fibres  are  the  resultants  of  the  fibrous  structure  of  the  primitive  blastema,  and 
that  the  granular  appearance  is  the  result  of  its  earthy  impregnation. 

3—2 
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into  oblong  groups,  wliicli  are  separated  by  the  homogeneous,  trans- 
parent, cartilaginous  matrix ;  and  calcification  first  takes  place  in 
this  matrix,  bone  shooting  up  between  the  groups  of  cells,  and 
forming  oblong  areolte.  The  tissue  is  by  this  rendered  opaque, 
and  the  subsequent  changes  in  the  cells  are  obscm-ed.  It  seems  that 
the  cells  become  enlarged,  and  encroach  upon  the  intervening 
matrix  in  which  calcification  is  commencing,  causing  it  to  disappear 
more  or  less,  and  bringing  the  groups  of  cells  into  closer  contact. 
According  to  Baur^,  each  cartilage-cell  now  becomes  the  seat  of  an 
endogenous  cell-formation ;  in  place  of  the  single  vesicular  nucleus, 
Avhich  may  already  be  regarded  as  a  secondary  cell,  several  vesicles 
of  the  same  kind  make  their  appearance ;  and  this  brood  of  cells 
becomes  the  starting-point  of  all  the  subsequent  changes.  For,  the 
cavities  of  the  parent  cells  being  thrown  together  by  the  disap- 
pearance of  their  septa,  part  of  this  new  generation  of  cells  is 
transformed  into  blood-vessels,  fat-cells,  or  medulla-cells ;  and 
those  lying  nearest  the  periphera,  in  each  group,  are  converted  into 
blastema,  in  which  the  process  of  ossification  goes  on  in  the  same 
manner  as  in  the  blastema  formed  from  membrane.  There  is  now, 
therefore,  a  calcified  matrix  of  cartilage  forming  oblong  areolae  in 
which  are  enclosed  ossifying  blastema,  blood-vessels,  &c.  This  car- 
tilaginous matrix  has  already  been  greatly  reduced  by  the  enlarge- 
ment of  the  cartilage-cells,  wdiich  has  taken  place  at  its  expense;  and 
it  is  believed  that,  in  process  of  time,  it  is  entirely  absorbed,  as  well 
as  the  walls  of  the  cartilage-cells,  to  make  way  for  the  new  bone  sub- 
stance formed  from  the  blastema.  The  enlargement  of  the  areolae  by 
the  absorption  of  their  walls  at  some  parts,  and  the  thickening  of 
those  walls  at  other  parts  by  the  ossification  of  successive  strata 
of  the  blastema,  probably  takes  place  just  as  if  the  cartilage  had 

never  existed. 

It  appears,   therefore,   from  what  has  been    stated, 
A  complete        ^j^^^  when  ossificatiou  is  carried  on  in  cartilas-e,  a  com- 

replacement  of  "    ' 

one  tissue  by     pletc  molccular  replacement  of  one  substance   bv  the 

the  other  takes    ^  •       -,        •  n 

place,  other  takes  place ;  and  that  the  organic  basis  of  bone 

is  no  more  anatomically  than  it  is  chemically  identical 


^  Zur  Lehre  von  der  Verknocherung  des  priraordialen  Knorpels — von  Albert  Baur 
in  Tubingen.     Miiller's  Archiv,  1857,  s.  347. 
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■with  the  matrix  of  hyaline  cartilage.  The  latter  is  incapable  of 
ti'ue  ossification  ;  its  calcification  is  a  process  accompanying  ossifica- 
tion, it  is  true,  but  one  of  an  essentially  different  nature.  The 
osseous  substance  which  makes  its  appearance  in  cartilage  is  a  new 
formation  in  the  cartilage  cavities,  being  preceded  by  the  formation 
of  a  kind  of  connective  tissue,  which  is  evolved  in  this  instance  by 
the  aid  of  the  cartilage-cells  just  as  in  other  instances  (the  calva- 
rial  bones,  &c.)  it  is  formed  by  the  aid  of  a  membrane.  Connective 
tissue  is  thus,  in  the  opinion  of  Baur,  the  only  fomidation  of  the 
formation  of  bone. 

or  a  transfer-  The  cxact  identity  of  bone  which  has  been  preceded 

mation.  -^-y.  ^firtilage  with  that  formed  from  membrane  favours 

this  opinion.  Other  observers,  however,  think  that  more  or  less  of 
the  cartilaginous  matrix  remains,  and  becomes  impregnated  with 
earthy  matter,  at  the  same  time  that  gelatine  is  substituted  for  its 
chondrine.  They  think  also  that  the  cartilage-cells  or  their  nuclei 
in  some  way  undergo  transformation  into  bone-corpuscles,  and  that 
the  cavities  and  canals  of  bone  are  hollowed  out  in  its  substance  by 
the  resorption  of  the  newly  formed  osseous  tissue.  Kolliker  and 
Yirchow^  find  that  the  cartilage-cells  midergo  an  irregular  thickening 
and  calcification  of  their  wall,  with  the  simultaneous  formation  of 
canalicular  vacuities  in  it.  This  thickening  of  the  cell-walls  takes 
place,  in  part,  at  the  expense  of  the  cavities  of  the  cells,  which 
become  indented  and  gradually  reduced  in  size,  and  finally  are  con- 
verted into  the  bone-corpuscles,  a  communication  having  been 
already  established  between  them  and  the  canaliculi  formed  in  the 
substance  of  the  thickened  and  calcified  cell-wall. 

All  the  bones  of  the  human  body,  except  those  of  the  head  and 
face  just  mentioned,  are  at  first  formed,  in  part  at  any  rate,  from 
cartilage,  and  are  said  to  originate  in  cartilage.     Some  of  them  are 


^  The  metamorphoses  of  the  cartilage-cells  and  of  the  cells  of  ossifying  blastema 
have  been  traced  by  Virchow  (Das  normale  knocJcenwachsthum,  unci  die  rachitische 
Stoning  desselben,  Virchow's  ArcMv,  v.  409)  in  rachitic  bones,  where  they  are  not  so 
much  obscured  as  in  the  healthy  state  by  the  infiltration  of  earthy  matter ;  this  latter 
part  of  the  process  of  ossification  being  imperfect  and  delayed  in  those  bones,  although 
the  changes  in  the  cells  take  place  with  nearly  their  usual  rapidity.  Kolliker  also 
formed  his  views  in  part  from  observations  made  on  rachitic  bones. 
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osseous  at  so  early  a  period  of  foetal  life,  and  ossification  goes  on  so 
quickly  through  nearly  their  whole  extent,  for  instance  the  clavicle, 
the  ribs,  and  the  shafts  of  the  long  hones,  that  it  would  seem  not 
improbable  they  ma.y  be  developed  in  the  first  instance  from  blas- 
tema, instead  of  from  cartilage  as  generally  supposed;  but  I  have 
not  been  able  by  careful  examination  to  assure  myself  that  this  is 
the  case.  Whether  the  ossification  be  commenced  in  blastema  or  not 
in  these  bones,  it  is  certainly  carried  on  by  means  of  cartilage  in 
the  direction  of  the  length  of  the  shafts  and  in  the  epiphyses. 
The  generally  received  opinion  that  the  shafts  are  evolved  from 
cartilage  gains  confirmation  from  the  observation  of  Dr  Sharpey, 
"  In  the  tibia  of  a  sheep,  at  a  time  when  the  whole  embryo  is 
not  more  than  an  inch  and  a  quarter  in  length,  we  can  plainly 
see  that  the  substance  consists  of  cartilage-cells  embedded  in  a 
pellucid  matrix  \" 

The  time  at  which  the  process  of  ossification  commences  does 
not  at  all  follow  the  order  in  which  the  primordial  cartilage  is  laid 
down  at  the  various  parts  of  the  skeleton.  Thus  the  cartilage  of 
the  vertebrse  ajDpears  before  there  is  any  trace  of  the  clavicle,  yet 
the  ossification  in  the  latter  commences  at  a  much  earlier  period 
than  it  does  in  the  former. 

Ossification  in  ^ct  US  tracc  briefly  the  process  of  ossification  in  the 

femur.  human  femur.     At  first  the  position  of  the  bone  is  occu- 

pied by  a  hyaline  substance,  as  it  is  called,  consisting  of  common 
formative  cells.  These  become  gradually,  in  greater  part  at  any 
rate,  converted  into  cartilage,  which,  being  composed  of  cells  em- 
bedded in  a  strong,  though  transparent  and  structureless,  intercel- 
lular matrix,  gives  sufficient  firmness  to  the  part  to  enable  it  to  resist 
the  slight  forces  that  the  rudimentary  foetal  muscles  are  able  to  exert 
uj)on  it;  at  the  same  time  it  is  capable  of  being  formed  and  shaped 
more  easily  and  quickly  than  solid  bone,  whilst  it  is  lighter,  more  in 
harmony  with  the  muscular  and  other  structures,  and  more  flexible. 
In  the  second  month,  ossification  begins  about  the  middle  of  the 
shaft  and  quickly  travels  upwards  and  downwards  along  its  entire 


^  Quain's  A^iatomy,  1856,  Vol.  i.  p.  cxxx. 
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length.     Still   tlie   upper   and  lower  ends   are   cartilaginous,    and 
remain   so   for   a   long  period  after   the    complete    ossification    of 
the  shaft.     Not  till  some  time  in  the  last  month  of  foetal  life  does 
an  ossific  nucleus  appear  in  the  lower  extremity. 
Resorption  of  The  bouc  is  at  first  made  solid  or  nearly  so,  the 

osseous  tissue.  cjij;ials  and  Cancellated  spaces  being  subsequently  caused 
by  the  resorption  of  the  newly  formed  osseous  tissue.  Hence  we 
have  in  ossifying  bone,  at  the  same  time  and  almost  in  immediate 
contiguity,  two  processes  going  on — a  formation  of  bone  and  a 
resorption  of  its  substance ;  the  latter  scarcely  less  energetic  than 
the  former.  It  is  by  the  continuance  of  this  process  of  resorption 
that  not  only  the  haversian  canals  and  the  cells  of  the  cancellated 
textiu-e,  but  the  larger  cavities — the  medullary  and  others — are 
formed.  The  spaces  so  formed  are  at  first  occupied  by  blastema, 
of  which  part  becomes  converted  into  vessels,  medulla-cells,  fat- 
cells,  and  areolar  membrane,  while  the  part  lying  nearest  to  the 
bone-wall  in  each  cavity  and  canal  is  (as  described  at  page  36) 
transformed  into  connective  tissue,  by  the  stratiform  ossification 
of  which  subsequent  additions  are  made  to  the  bone- wall,  and  the 
process  of  internal  gTOwth  is  maintained. 


DESCRIPTIOiSr    OF    PLATE   L 

Bones  at  the  time  of  Birth. 

Fig.  I.  Section  of  the  Clavicle,  shewing  the  narrow  stratum  of  cartilage  at  either 
end  of  it.  In  the  lower  which  represents  the  sternal  end  an  osseous  nucleus  is  subse- 
quently developed.  The  narrow  channel  for  the  medullary  artery  is  seen  running 
from  near  the  middle  towards  the  acromial  end  (page  25). 

Fig.  2.  Section  of  Tibia.  Osseous  nucleus  in  the  upper  epiphysial  cartilage. 
Narrow  channel  for  medullary  artery  running  obliquely  downwards  (page  25). 

Fig.  3.  Section  of  Femur.  Osseous  nucleus  in  lower  epiphysial  cartilage.  Narrow 
channel  for  medullary  artery  running  obliquely  upwards  (page  25).  The  shaft  bulges 
outwards  at  attachment  of  glutseus  maximus  (page  15). 

There  is  but  little  cancellous  tissue  in  these  bones,  the  shafts  being  of  nearly  uniform 
density  throughout. 

Fig.  4.  Section  of  inner  part  of  foot  and  great  toe.  Osseous  nucleus  in  os  calcis, 
astragalus,  metatarsal  bone,  and  both  phalanges. 

Fig.  5.  Scapula.  The  acromial  and  glenoid  parts  are  quite  cartilaginous.  The 
circumference  of  the  bone  is  furnished  with  a  cartilaginous  border,  except  along 
inferior  costa. 
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The  cotemporaneous  workins;  of  these  two  processes — 

Resorption  an  •*•  ox 

active  process    formation  and  resorption — in  the  foetal  state  is  not  by  any 

in  foetal  life.  n        ^  it  rm        i  •      • 

means  confined  to  the  bones,  ihe  latter  is  m  operation 
with  scarcely  less  activity  than  the  former  in  many  other  parts. 
By  it  the  various  cavities  and  canals  of  the  body,  as  well  as  their 
external  orifices,  are  hollowed  out  in  the  soft  parts;  and  the  failure 
of  this  agency  in  development  leads  to  a  variety  of  malformations, 
such  as  an  imperforate  state  of  canals,  what  is  called  "  atresia"  of 
orifices,  the  persistence  of  foetal  structures,  to  wit  the  membrana 
pupillaris  and  the  omphalo-mesenteric  cord,  &c.  To  the  same 
cause  may  probably  be  attributed  some  of  the  so-called  adhesions 
of  membranes.  Thus  we  not  uncommonly  find  complete  adhesion 
of  the  pleura  or  pericardium,  in  young  subjects,  and  in  persons 
in  whom  there  has  been  no  sign  of  inflammatory  affection  or  other 
disease;  in  some  of  these  cases  it  is  quite  probable  that  the  process 
of  resorption,  by  which  the  serous  surfaces  should  have  been  sepa- 
rated and  the  cavity  formed,  has  never  been  carried  out,  and  that 
they  are,  therefore,  examples  rather  of  imperfection  of  development 
than  of  subsequent  disease. 

Epiphyses  and  To   procccd,    howcvcr,    with   the   formation   of   the 

apophyses.  thigh-bouc.  Near  the  end  of  the  first  year  after  birth  a 
third  centre  of  ossification  appears  in  its  upper  end.  The  bone  now, 
accordingly,  consists  of  two  extremities,  or  eiJiphyses,  with  an  inter- 
mediate shaft,  or  diapliysis.  These  remain  separate,  that  is  to  say, 
united    only    by    intervening    cartilage,    for   many    years,    indeed 


DESCRIPTION    OF    PLATE   II. 

Sections  of  long  bones  from  young  subject  (set.  about  lo),  shewing  the  epiphyses 
and  the  line  of  cartilage  between  them  and  the  shafts. 

Fig.  I.      Upper  and  lower  extremities  of  Femur. 

2.  Do.  of  Tibia  and  Fibula. 

3.  Metatarsal  bone  of  second  toe. 

4.  Metatarsal  bone  of  great  toe. 

5.  Phalanx  of  one  of  the  toes. 

6.  Upper  and  lower  ends  of  Humerus.     A,  B,  C,   separate  nuclei  for  outer 

and  inner  parts  of  the  lower  articular  portion,  and  for  the  inner 
condyle. 

7.  Upper  and  lower  ends  of  Radius  and  Ulna. 


/. 
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throughout  the  whole  period  of  growth;  the  superior  epiphysis  is 
ossified  to  the  shaft  at  about  the  eighteenth  and  the  inferior  not 
till  after  the  twentieth  year.  At  about  the  fifth  year  a  foiu'th  ossific 
centre  is  developed  in  the  cartilage  of  the  great  ti-ochanter,  and  a 
fifth  centre  makes  its  appearance  in  the  lesser  trochanter  at  about 
the  fourteenth  year.     These  latter  are  sometimes  called  ajjopjiyses. 

Most  of  the  long  bones  are  developed  in  this  way,  consisting  at 
first  of  a  diaphysis  with  two  epiphyses  (the  clavicle  and  the  long- 
bones  of  the  hand  and  foot  have  only  one) ,  and,  in  some  instances, 
one  or  more  apophyses. 

The  epiphysis  ^^  ^®  ^  cm'ious  fact,  that  the  union  of  the  various 

a^V^u^b^^  apophyses  to  the  epiphyses  and  of  the  epiphyses  to  the 
united  to  the     shaft  takcs  placc  in  the  inverse  order  to  that  in  which 

shaft. 

their  ossification  began.  Thus  the  lesser  trochanter  of 
the  femm-  obtains  an  osseous  union  to  the  rest  of  the  bone  first; 
the  great  trochanter  next;  then  the  upper  epiphysis,  and  last  of 
all  the  lower  epiphysis  is  joined  to  the  shaft.  So  many  other  in- 
stances of  a  similar  relation  between  early  ossification  and  late 
coalescence  of  parts  are  to  be  observed  in  the  skeleton  of  man  and 
in  the  lower  animals,  that  it  may  be  regarded  as  a  law  in  the  deve- 
lopment and  growth  of  the  bones.  A  few  instances  have  occurred, 
in  which  the  union  of  the  epiphyses  with  the  shafts  has  been  de- 
layed much  beyond  the  ordinary  period.  Otto^  observed  all  the 
epiphyses  separate  in  the  skeleton  of  a  man  get.  27,  and  in  others 
set.  22  and  23. 

The   ossification   in   i  ^   cartilage  of  the  epiphvses 

Articular  car-  ^  i    r    J 

tiiagenot  not  Only  commenccs  later  but  proceeds  more  slowly  than 

in  the  shafts.  It  is  remarkable  that,  although  the  car- 
tilage of  an  epiphysis  presents  throughout  the  same  characters, 
ossification  takes  place  in  a  part  of  it  only;  a  thin  portion  next 
the  sm-face  of  the  joint  remains  miossified,  and  forms  the  articular 
cartilage.  This  becomes  in  course  of  time  somewhat  more  opaque 
and  more  dense;  but  I  am  not  aware  that  it  has  ever  been  known 
to  be  converted  into  true  bone,  even  in  morbid  states  or  in  old  age. 


1  Path.  Anoi.  by  South,  p.  126. 
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It  has  already  been  mentioned,  that  the  canal  for  the  medullary 
artery  is  directed  towards  the  epiphysis  last  formed;  and,  there- 
fore, towards  the  one  first  united  to  the  shaft.  These  relations  are 
almost  invariable,  though  I  do  not  know  what  especial  pm-pose  is 
served  by  them. 

Connection  of  The  medium  connecting  the  epiphysis  and  the  shaft, 

Xft'complra-  wlicrc  the  work  of  ossification  is  going  on,  is  softer  than 
tiveiy  slight,  j^j^y  othcr  part  of  the  bone;  and  separation  of  the  two 
is  no  micommon  thing  in  children.  When  this  accident  occm'S,  a 
thin  layer  of  the  calcifying  cartilage  generally  remains  with  the 
epiphysis,  and  may  cause  a  crepitus  to  be  perceived  if  the  parts 
be  moved  upon  one  another.  This  will  also  be  found  to  be  the 
case  when  the  epiphysis  is  torn  away  from  the  shaft  of  a  foetal  bone 
after  death.  The  soft  connecting  medium  may,  dmdng  childhood, 
be  the  seat  of  acute  ulceration,  leading  to  separation  of  the  epiphysis 
from  the  shaft;  a  fact  which  has  not  received  the  attention  de- 
manded by  its  importance  and  the  frequency  of  its  occurrence.  It 
must  not  be  forgotten,  however,  that  advantages,  more  than  out- 
weighing these  inconveniences,  accrue  to  the  young  skeleton  from 
this  subdivision  of  its  skeleton  and  the  interposition  of  cartilaginous 
plates  between  its  segments.  Besides  the  greater  facilities  for 
gTowth  thus  afforded,  its  flexibility  is  thereby  greatly  increased; 
and  its  escape  from  injury  during  the  many  falls  incidental  to 
this  time  of  life  is,  in  no  small  degree,  attributable  to  this  cause. 
With  reference  to  this  latter  point  it  may  be  remarked,  that  in  the 
reptiles  which  crawl  and  push  themselves  along  the  ground,  and 
whose  skeletons  are  accordingly  not  subjected  to  sudden  jars — the 
crocodile  and  tortoise  for  instance — there  are  no  epiphyses  at  the 
ends  of  the  long  bones;  the  growth  continuing  at  their  extremities 
through  the  medium  of  layers  of  ossifying  cartilage,  retained  be- 
tween the  articular  cartilage  and  the  ends  of  the  bones,  in  the  same 
manner  as  at  the  condyle  of  the  lower  jaw  and  at  the  acromial  end 
of  the  clavicle  in  the  human  skeleton.  Whereas  in  the  leaping 
frog  the  extremities  of  the  humeri  and  femora  long  remain  as 
separate  epiphyses^ 


^  Owen's  Homologies,  p.  105. 
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Usesofnpophy-  There  are  proLably  also  some  additional  reasons  for 
siiximicieL  ^|^g  development  of  separate  osseous  centres  in  the  epi- 
physes of  the  long  hones,  a  kno^Yledg•e  of  which  will  give  some  more 
satisfactory  explanation  than  we  are  at  present  able  to  find  of  the 
absence  of  such  centres  in  some  situations;  for  instance,  at  the  acro- 
mial end  of  the  clavicle,  and  at  one  or  other  end  of  each  of  the  long 
bones  of  the  hand  and  foot.  There  must  be  also  some  especial 
reason  for  the  fi-equent  formation  of  apophyses  or  separate  osseous 
nuclei  at  the  extremities  of  most  of  the  projecting  processes  in  the 
skeleton.  They  are  so  common  in  these  situations  that  Ave  may 
search  with  confidence  for  an  epiphysis  as  the  normal  appendage  to 
every  prominence  which  stands  out  in  a  marked  manner  from  its 
bone,  such  as  the  trochanters  of  the  thigh-bone,  the  spinous  pro- 
cesses of  the  vertebras,  &c.  This  led  me  to  look  for  an  epiphysial 
nucleus  at  the  summit  of  the  odontoid  process  of  the  axis  (see  Plate 
VII.  fig.  4).  These  nuclei  are  often  very  thin,  situated  at  the  very 
extremities  of  the  processes,  not  formed  till  late,  till  the  ossification 
of  the  processes  is  nearly  completed,  and  they  do  not  long  remain 
separate.  They  cannot,  therefore,  contribute  much  assistance  in 
building  up  the  processes,  and  one  is  rather  at  a  loss  to  discover 
their  use.  To  say  that  they  correspond  with  similar  separate 
portions  in  the  lower  animals  helps  very  little ;  as  the  question  still 
presents  itself,  "what  pm-pose  do  they  serve  in  them?"  inasmuch  as 
in  them  also  these  apophyses  soon  become  united  with  their  pro- 
cesses, very  few  if  any  of  those  nuclei  to  which  I  now  refer  re- 
maining as  permanently  separate  bones  in  any  animal  skeleton. 
Cxrowih  of  bones  ^^^  liavc  ucxt  to  cousider  the  mode  of  gi'owth  of  the 
m  length.  boues.  It  must  be  remembered  that  the  present  remarks 
apply  to  the  femm-  and  other  bones  of  the  like  kind.  They  grow 
in  length,  and  they  gTow  in  thickness;  but  the  increase  in  the  two 
directions  is  not  effected  in  the  same  manner.  The  growth  in 
length  takes  place  chiefly  through  the  medium  of  the  cartilage 
interposed  between  the  shaft  and  each  of  the  extremities,  which  is 
continually  receiving  additions  to  its  thickness,  and  as  continually 
undergoing  ossification,  in  the  part  next  the  shaft.  That  the  length 
of  the  shaft  is  thus  increased  by  additions  to  its  ends,  instead  of  by 
interstitial  growth,  was  shown  long  ago  by  the  experiments  of  Hales 
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and  John  Hunter.  The  latter  bored  two  holes  in  the  tibia  of  a 
young  pig  and  put  a  shot  into  each,  measuring  on  a  card  the  dis- 
tance between  them;  when  the  pig  was  full  grown  the  holes  were 
fomid  at  exactly  the  same  distance  from  each  other  as  at  the  first. 

A  series  of  preparations  illustrative  of  the  same  fact  are  to  be  found 
in  St  Bartholomew's  Museum.  The  experiments  have  been  repeated 
in  the  tibia  by  Flourens^  with  the  like  result.  It  appeared  from 
these  that  the  growth  at  the  upper  extremity  of  the  shafts  exceeds 
that  at  the  lower.  This  probably  has  relation  to  the  fact  that, 
in  the  tibia,  the  upper  epiphysis  remains  separate  from  the  shaft  to 
a  later  period  than  the  lower,  permitting  the  ossifying  process  to 
go  on  longer  at  that  end  of  the  shaft. 

The  fact  that,  the  e-rowth  of  a  bone  in  lenfirth  takes 

Growth  after  ^  .  .  . 

excision  of  the  placc  chiefly  tlirougli  the  medium  connecting  the  epiphyses 
with  the  shaft,  has  of  late  assumed  a  greater  practical 
importance  since  the  successful  revival  of  the  operation  of  excision 
of  the  knee.  It  is  maintained  by  some,  that  if  the  operation  be 
performed  in  children  the  limb  will  not  grow  in  like  proportion 
with  its  fellow,  and  will,  therefore,  be  comparatively  useless.  This 
has  not  been  found  to  be  so  in  all  cases;  and  it  is  highly  probable 
that  the  subsequent  proper  growth  of  the  limb  will  depend,  in  a 
great  measure,  upon  the  quantity  of  bone  which  is  sawn  away.  If 
the  epiphyses  were  completely  removed  and  the  shaft  of  the  femur 
became  directly  united  with  that  of  the  tibia,  we  should  have  much 
reason  to  fear  that  the  objection  urged  against  the  operation  might 
prove  valid.  But  if  care  be  taken  to  leave  a  thin  slice  of  the  epi- 
physis in  connection  with  each  of  the  bones,  and  if  the  case  pro- 
ceeds favom-ably,  it  is  probable — indeed  experience  has  proved  it 
to  be  pretty  certain — that  the  growth  will  go  on  with  little  inter- 
ruption and  a  useful  limb  be  retained.  It  should  be  borne  in  mind, 
in  reference  to  this  point,  that  as  the  growth  in  length  takes  place 
almost  entirely  by  addition  at  the  ends  of  the  shafts,  and  ossification 
advances  from  them  into  the  cartilage,  which  is  in  continual  process 
of  formation  between  them  and  the  epiphyses,  the  epiphyses  do  not 
increase  much  in  depth,  and  do  not,  therefore,  as  growth  advances, 


^  Theorie  Experinientah  de  la  Formation  dcs  Os,  p.  19. 
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maintain  the  same  relative  size  with  regard  to  the  shafts  which 
they  had  in  the  foetal  and  infantile  periods.     Hence  it  is  advisable, 
especially  in  the  case  of  the  tibia,  where  the  epiphysis  is  thin,  to 
carrv  the  saw  as  near  to  the  articular  surface  as  possible. 
nrowtiiin  The  increase  of  the  bones  in  thickness  is  effected, 

tiuckuess.  j-^Q^  through  the  medium  of  cartilage,  but  by  the  forma- 
tion of  ossifying  blastema  between  the  periosteum  and  the  bone. 
This  blastema  corresponds  with  that  which  is  produced  in  the  cavi- 
ties and  canals  in  the  interior  of  the  bone,  and  ossification  takes 
place  in  it  in  precisely  the  same  manner.  At  the  periods  when 
gro"oi;h  is  most  rapid  the  blastema  on  the  exterior  of  the  bones  is 
most  abundant,  and  the  connection  between  the  periosteum  and 
the  bone  is  slight,  which  accounts  for  the  fact,  already  mentioned, 
that  the  periosteum  may  be  easily  torn  away  in  foetuses  and  young 
persons. 

The  new-formed  subperiosteal  bone,  being  at  first  porous  and 
rather  rough  in  consequence  of  its  incomplete  formation,  and  in 
consequence  of  the  large  size  of  the  cavities  and  spaces  for  vessels 
and  imossified  blastema  in  its  substance,  has  been  called  by  Vir- 
chow  "pmnice-stone-like"  osseous  matter.  Gradually  it  becomes 
condensed  by  the  ossification  of  the  blastema  contained  in  its  pores 
and  canals,  and  is  rendered  smoother  and  harder.  The  rough 
pumice-stone-like  condition  of  the  exterior  of  the  bones  is  very  re- 
markable in  some  cases  of  rickets  where  the  ossifying  processes  go 
on  hastily  and  imperfectly.  The  bones  in  such  instances  some- 
times acquire  double  their  natm-al  size,  but  long  remain  light, 
rough,  and  crumbling.  In  course  of  time,  however,  even  in  these 
the  crevices  may  be  filled  up,  a  smooth  surface  produced  and 
greater  solidity  given. 

In  the  adult  the  blastema  ceases  to  form.  There  is  conse- 
quently a  cessation  of  gi-owth  on  the  exterior  of  the  bone,  and  the 
connection  of  the  bone  with  the  periosteum  becomes  more  firm. 
In  the  old  person  the  ossifying  process  often  recommences.  It 
does  not  appear,  however,  then  to  take  place  through  the  medium 
of  a  blastema,  but  rather  to  extend  slowly  firom  the  bone  into 
the  structure  of  the  periosteum  and  of  the  tendinous  structures 
implanted  with  it  into  the  bone.     This  gives  rise  to  those  nodules 
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and  spicules  wliich  so  often  roughen  the  exterior  of  the  bones  of  the 
aged,  and  accounts  for  the  close  adhesion  and  thinness  of  the 
periosteum  commonly  observed  in  them. 

It  has  already  been  stated  that  the  bones  are  oriffi- 

Formation  of  .  "^  _  ° 

the  meduUary  nally  solid,  and  that  a  process  of  resorption  of  the 
osseous  substance  follows  very  quickly  upon  its  forma- 
tion, giving  rise  to  the  various  cavities  and  canals.  At  birth  the 
cancellous  spaces  are  few  and  the  medullary  cavities  very  small, 
mere  canals  containing  the  medullary  arteries  and  a  small  quantity 
of  foetal  marrow.  As  the  child  grows,  and  more  particularly  as  the 
bone  is  thickened  by  new  deposit  on  its  exterior,  the  medullary 
cavity  is  enlarged  and  the  cancellous  spaces  are  increased.  So  that 
here  again,  as  in  the  longitudinal  increase,  there  is  no  need  for 
interstitial  growth;  the  bone  receives  continual  additions  on  the 
exterior,  and  undergoes  continual  absorption  at  the  interior.  The 
two  processes — the  external  addition,  and  the  internal  absorption — 
are  proportionate  to  one  another,  and  are  carried  on  in  such  due 
relation  as  is  required  to  bring  the  bone  to  its  proper  adult  size  and 
weight^  After  these  have  been  obtained,  the  hollowing  out  of  the 
interior  ceases,  as  well  as  the  gTowtli  of  the  exterior;  and  a  con- 
siderable period  elapses  during  which  the  bone  remains  stationary, 
or  nearly  so.  Again,  in  old  age  the  two  processes  come  into  acti- 
vity :  the  medullary  cavities  and  the  cancelli  become  enlarged,  and 
ossification  receives  a  new  impulse  on  the  exterior.  The  proportion 
between  the  two  processes  is,  however,  now  the  reverse  of  what  it 
was  before.  During  the  ascent  to  the  adult  state,  addition  was 
greater  than  absorption,  so  that  the  bones  gained  in  weight.  In 
the  decline  to  old  age,   absorption   is  greater  than  addition,  the 


^  Flourens  believes  the  medullary  membrane  and  the  periosteum  to  be  identical, 
and  that  the  former  is  the  agent  in  the  resorption  of  the  interior,  as  is  the  latter  in  the 
formation  of  the  exterior.  His  experiments,  however,  do  not  appear  conclusive  on 
these  points.  Theorie  JSx2')erimentale  de  la  Formation  des  Os,  Paris,  1847,  p.  34.  By- 
varying  his  experiments  he  finds  that  the  functions  of  the  two  membranes  may  be 
reversed,  the  medidlary  membrane  being  made  the  agent  in  reproducing  and  the  peri- 
osteum in  absorbing  the  bone  (p.  42).  The  small  bones  of  one  animal  introduced  into 
the  interior  of  the  larger  ones  of  another  become  gradually  absorbed,  just  as  the  ivory 
pegs  inserted  into  the  bones  in  cases  of  ununited  fracture,  in  process  of  time,  become 
roughened,  a,nd  finally  disappear. 


cess  on  the 
exterior. 
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hollowing  out  of  the  interior  is  more  marked  than  the  ossification 
on  the  exterior;  indeed  the  latter  can  sometimes  scarcely  be  per- 
ceived; and  there  is  consequently  a  loss  of  weight. 
Modemn<;  pro-  '^^^^  associatiou   of  ahsorptiou  with  deposition,  re- 

marked by  Hunter  and  called  by  him  the  "modelling 
process,"  is  not  entirely  confined  to  the  interior  of  the 
bones.  It  takes  place  sometimes  on  the  exterior,  contributing  to 
their  shape  and  to  their  lightness.  Thus  the  flat  cranial  bones, 
when  fully  formed,  are  thinnest  near  their  centres,  the  very  parts 
where  they  were  thickest  at  an  earlier  period;  and  in  the  scapula 
the  laminae  which  form  the  middle  of  the  infraspinal  space  become 
gradually  thinner  and  more  transparent  as  the  edge  of  the  bone 
becomes  thicker.  Occasionally  they  are  entirely  removed,  leaving 
an  apertm-e  or  apertures  Avhich  are  closed  by  fibrous  tissue.  Thus 
it  happens  that  in  old  age,  and  in  some  cases  of  mollities,  the  flat 
bones  are  rendered  thinner  and  the  shafts  of  bones  are  rendered 
smaller,  and,  at  the  same  time,  it  may  be,  more  compact,  by  the 
approximation  of  their  laminffi. 

Interstitial  Tlicsc  Statements  respecting  the  growth  of  bone  are, 

growth.  doubtless,  on  the  whole,  true;  and  a  bone  may  there- 

fore be  placed,  as  regards  the  manner  of  its  increase,  if  we  leave 
the  process  of  absorption  out  of  the  question,  nearly  on  a  level  with 
a  shell,  inasmuch  as,  like  a  shell,  it  grows  by  the  addition  of  fresh 
laminae  deposited  upon  it  through  the  vessels  of  an  external  mem- 
brane. It  is  difficult  to  divest  oneself  entirely  of  the  idea  of  inter- 
stitial gTowth  taking  place  to  some  extent  in  the  bones,  even  if  it 
be  only  as  an  adjimct  to  the  other  means  above  described;  but  the 
more  oiu"  knowledge  of  the  changes  that  take  place  in  bones  be- 
comes extended,  so  much  the  more  do  we  find  the  processes  re- 
solved into  mere  addition  at  one  part  and  subtraction  from  another. 
The  quantity  of  animal  matter  in  the  bones,  however,  and  the 
analogy  of  other  tissues  are  suggestive  of  a  certain  amount  of  inter- 
stitial gi'owth,  and  lead  lis  to  the  conclusion  that  this  question  must 
be  regarded  as  not  being  at  present  quite  satisfactorily  determined. 
Ossification  of  Tlic  ossificatioii  of  the  short  bones  takes  place  on 

short  bones.       niuch  the  Same  plan  as  that  of  the  long  bones;  except 
that  they  are  formed  in  gTeater  proportion  fi'om  cartilage  than  from 
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periosteal  blastema.  There  being  also  no  great  increase  of  size 
in  any  one  direction  tliey  do  not  require  epiphyses.  Accordingly 
the  OS  calcis  and  the  bodies  of  the  vertebra  are  the  only  ones 
furnished  with  them. 

For  a  detailed  accomit  of  the  formation  of  bone,  the  results  of 
experiments  with  madder,  &c.  I  must  refer  to  other  books,  such  as 
the  last  edition  of  Quain's  Anatomy,  or  Kolliker's  Manual  of 
Human  Histology.  There  are,  however,  a  few  additional  points 
of  a  more  general  character  to  which  I  would  direct  attention. 
Pressure  in-  Tlic  shapc  of  the  boucs   (and  here  it  may  be  re- 

fluencmgtbe      niarkcd  that  the  uniformitv  with  which   thev  acquire 

shape  of  bones,  ^  j  x 

their  proper  shape  is  truly  marvellous)  must  be  due 
chiefly  to  those  same  developmental  forces  whereby  the  shape  of 
the  body  generally  is  determined.  Future  investigation  may  point 
out  the  proximate  causes  by  which  shape  is  evolved;  at  present 
we  have  little  or  no  clue  to  them.  There  are,  however,  some  few 
secondary  agents — assistants  as  they  may  be  termed  to  the  primary 
developmental  processes — whose  influence  we  can  trace  in  moulding 
the  shape,  &c.  of  the  bones :  one  of  the  chief  of  these  is  Pressure. 
The  effect  of  its  operation  may  be  observed  in  a  variety  of  ways. 
Thus  the  modelling  of  the  cranial,  thoracic,  and  other  bones  upon 
the  parts  enveloped  by  them  must  be,  in  some  measure  at  least,  a 
result  of  the  pressure  of  those  parts  upon  the  osseous  material  in  its 
soft  growing  state.  The  furrows  and  channels  of  the  bones  are,  in 
like  manner,  partly  originated  and  preserved  by  the  pressure  of  the 
tendons,  nerves,  and  vessels  upon  them.  They  do  not  exist  when 
these  are  absent;  and  they  disappear,  becoming  filled  up,  when 
these  are  removed.  The  curvatures  of  the  bones,  though  chiefly 
attributable  to  the  forces  of  development  (page  15),  may  also,  in 
some  slight  degree,  be  owing  to  the  influence  of  pressure;  some  to 
the  pressure  of  adjacent  organs;  some  to  pressure  caused  by  the 
action  of  the  muscles  pulling  upon  them  in  the  foetal  state,  or  by 
the  weight  of  the  body  compressing  them  afterwards.  It  has  been 
before  remarked,  and  may  be  again  mentioned  in  connection  with 
this  subject,  that  the  bones  are,  as  a  general  rule,  most  curved  in 
those  persons  whose  muscular  strength  is  greatest,  that  is  to  say, 
where  the  pressure  upon  them  resulting  from  muscular  action  is 
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greatest;  weak  persons,  on  tlie  contrary,  provided  they  be  not 
rickety,  have,  for  the  most  part,  comparatively  straight  bones, 
and  the  growth.  Another  interesting  point,  connected  with  the  in- 
fluence of  pressure  upon  the  shape  and  size  of  the  bones,  is  the  fact, 
that  the  growth  of  one  bone  is  very  commonly  arrested  by  its  meet- 
ing with  another;  the  tendency  of  both  to  increase  being  checked 
by  their  mutual  pressure.  Thus  the  spreading  of  the  cranial  bones 
beyond  their  proper  limits  is,  in  the  natm-al  state,  prevented  when 
their  edges  meet.  The  want  of  this  check  is  observable  in  cases 
of  hydrocephalus,  where  the  bones  go  on  growing  beyond  their 
natiu-al  size  because  their  edges  are  kept  apart  by  the  increasing- 
fluid  of  the  ^'entricles,  A  still  better  example  of  the  same  thing  is 
afforded  by  the  palate.  The  alveolar  and  palatine  processes  of 
the  opposite  maxillary  and  palate  bones  ordinarily  coalesce  with 
one  another  and  with  the  vomer  in  the  median  line,  and  put  a 
stop  to  one  another's  growth.  Supposing,  however,  that  in  con- 
sequence of  an  imperfection  of  development,  the  maxillary  and 
palate  bones  fail  to  reach  the  middle,  then,  as  may  be  seen  in  a 
specimen  preserved  in  the  Cambridge  museum,  the  vomer  and  in- 
termaxillary bones  grow  on  beyond  their  proper  level,  and  project 
in  front  of  the  line  of  the  alveolar  arch.  In  a  case  where 
the  zygomatic  process  of  the  temporal  bone  was  extremely  short 
the  deficiency  was  supplied  by  a  compensatory  elongation  of  the 
malar  bone\  In  congenital  deficiency  of  the  nasal  and  lachrymal 
bones  their  place  has  been  supplied  by  the  maxillary  bone,  and  in 
that  of  the  frontal  bone  the  parietal  has  become  preternaturally 
enlarged^.  Cases  of  congenital  dislocation  of  the  joints  sometimes 
foi-nish  illustrations  of  the  same  thing.  Thus  the  deficiency  of  the 
external  condyle  of  the  humerus,  which  is  an  attendant  on  this 
malfonnation  at  the  elbow,  is  usually  found  to  be  associated  with 
such  preternatm-al  elongation  of  the  neck  of  the  radius,  that  the 


1  Treatise  on  Fractures,  d-c.  by  E.  W.  Smith,  p.  280.  This  anomaly  reminds  us 
of  the  natural  condition  of  the  kangaroo,  in  which  the  malar  bone  extends  to  and 
forms  part  of  the  glenoid  cavity  for  the  lower  jaw. 

2  Otto's  Path.  Anat.  by  South,  p.  129. 
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extremity  of  that  bone  ^readies  to  the  same  level  with  the  ole- 
cranon process  of  the  ulna^. 

Effect  of  remov-  ^^^  illustration  of  the  effect  of  the  restraining  in- 
ai  of  pressure,  fl^i^gi^ce  of  habitual  prcssm'c  upon  the  growth  of  bones  is 
afforded  by  the  instances  in  which  it  has  been  removed.  When  the 
biceps  tendon  has  been  ruptured  or  torn  away  from  its  groove  in  the 
humerus  the  groove  soon  becomes  choked  up  by  bony  growths  in 
the  interval  between  the  condyles.  In  cases  of  unreduced  disloca- 
tion of  the  humerus  and  femur  the  glenoid  cavity  and  the  acetabu- 
lum become  filled  up  with  knotty  growths  of  bone,  to  a  greater  or 
less  extent,  the  cartilages  lining  them  having  been  previously  re- 
placed by  a  sort  of  fibrous  structure  through  which  the  ossification 
extends  from  the  bottom  of  the  cups.  At  the  same  time  it  is  to  be 
remarked  that  the  edges  of  the  cups  become  absorbed,  and  the 
disj)laced  bones  adapted  in  shape  to  their  new  position;  this  being 
partly,  if  not  entirely,  a  result  of  the  unusual  pressm-e  to  which  they 
are  subjected  in  consequence  of  the  altered  relation  of  the  parts. 
Similar  changes  follow  the  removal  of  the  teeth;  the  bottoms  of  the 
sockets  being  filled  up,  and  the  edges  absorbed.  It  has  been  noticed 
that  contraction  of  the  optic  foramen  from  growth  of  its  margins 
sometimes  follows  wasting  of  the  nerve;  and  thickening  of  the  skull, 
by  growth  of  its  internal  table  and  diploe,  is  a  well-known  attendant 
upon  some  forms  of  wasting  of  the  brain. 

Pressure  r  TYlq   influence   of  pressure   also   in   promoting   the 

meting  absorp-  absor]jtion  of  bouc  is  abimdantly  illustrated  in  all 
pathological  collections.  It  is  found,  indeed,  that 
bone  yields  to  pressure  more  readily  than  some  other  textures. 
Thus  a  tumour  upon  the  exterior  of  the  dura  mater  will  make  its 
way  through  the  skull,  whereas  a  similar  tumom-  upon  the  inner 
surface  of  that  membrane  grows  inwards,  encroaching  upon  the 
brain;  and  in  cases  of  anemism  of  the  aorta  the  intervertebral 
substances  remain  intact,  standing  out  in  strong  relief,  while  the 
bodies  of  the  vertebrse  may  have  been  destroyed,  even  to  the 
exposing  of  the  spinal  cord. 


^  Adams  in  Cycl.  Anat.  Ii.  77. 
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The  formation  of  the  bones  is,  as  one  miffht  antici- 

Kelation  '  o 

between  the       pate,  veiy  closelv  connected  with  that  of  the  adjacent 

development  of,  ii/>i  i-it  i'p 

the  soft  parts  soit  paxts,  Doth  ot  thosc  which  lic  upon  their  surface 
and  of  those  which  they  cover.  I  cannot  call  to 
mind  anj  instance  of  a  decided  failure  in  the  development  of  a 
portion  of  the  skeleton  without  its  being  attended  by  a  proportion- 
ate, or  nearly  proportionate,  failm-e  in  the  development  of  the  conti- 
guous over  and  underlying  soft  parts.  Thus  in  the  several  varieties 
and  degrees  of  acephalous  monstrosity,  the  failure  in  the  forma- 
tion of  the  brain  is  about  equal  to  that  of  the  skull ;  and  the  hairy 
scalp,  the  dm-a  mater,  and  the  intervening  tissues  are  blended  in  a 
homogeneous  membranous  envelope  at  the  line  where  the  deve- 
lopment of  the  skull  ceases.  The  same  thing  may  be  observed 
in  the  corresponding  condition  of  the  spinal  column,  called  spina 
hifida.  In  it  the  deficiency  in  the  vertebral  arches  is  always 
associated  with  some  deficiency  or  aberration  in  the  cord,  the 
skin  being  also  generally  imperfect.  In  the  worst  cases,  where 
the  vertebral  arches  are  wanting,  the  cord  and  the  rudimentary 
skin  are  fused  and  expanded  together  in  the  form  of  a  common 
membranous  envelope.  A  fissure  in  the  alveolar  processes  of  the 
upper  jaw  is  usually  (always  if  it  be  a  complete  cleft)  associated 
with  hare-lip.  A  deficiency  in  the  body  and  symphysis  of  the 
pubes  is  always  accompanied  with  an  impei'fect  formation  of  the 
corresponding  part  of  the  abdominal  wall  and  the  fore  side  of  the 
bladder,  leaving  the  posterior  smiace  of  the  latter  and  the  openings 
of  the  ureters  exposed,  and  giving  rise  to  the  malformation  called 
ectopia  vesicce.  The  like  deformity  in  the  chest,  called  ectopia 
cordis,  consists  in  a  partial  or  complete  absence  of  the  sternum  and 
libs,  with  more  or  less  deficiency  in  the  pericardium,  pleura,  heart, 
and  lungs'. 


^  In  spina  bifida  though  the  vertebral  canal  is  incomplete  the  vertebral  arches 
are  not  always  defective.  They  are  sometimes  found  to  have  acquired  nearly  or  quite 
their  natural  length;  but  appear  to  have  been  pressed  outwards  by  the  protruding 
sac  of  the  neural  membranes,  instead  of  approaching  each  other  from  opposite  sides 
and  coalescing  in  the  middle  line.  In  a  pelvis,  which  I  lately  had  an  opportunity  of 
examining,  taken  from  a  young  person  with  ectopia  vesicse,  the  pubic  bones  presented 
a  somewhat  similar  condition.     They  were  formed  naturally  or  nearly  so ;  if  anything 

4—2 
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This  relation  between  tlie  development  of  the  bones 
between  bones  and  that  of  the  soft  parts  extends  also  to  the  adaptation 
and  muse  es.  ^£  ^|^^  structure  of  their  respective  tissues  to  one  another. 
The  bones  of  the  thoroughbred,  corresponding  with  the  hard,  wiry, 
active  nature  of  its  muscles,  are  smaller  and  denser  than  those  of 
the  cart-horse ;  and  in  the  muscular  energetic  man  they  are  hard, 
well-formed,  with  well-marked  processes.  They  grow  in  strength 
with  the  increasing  power  of  his  muscles ;  and  diminish  in  weight 
and  strength,  when,  from  old  age,  the  force  and  activity  of  the 
muscles  is  on  the  wane.  Not  only  do  the  bones  and  muscles  thus 
become  formed,  grow,  and  waste  in  relation  to  one  another  in  the 
ordinary  course  of  nature  at  the  different  periods  of  life,  but  the 
relation  is  preserved  when  by  any  accidental  circumstance  the  con- 
dition of  either  is  subjected  to  alteration.  Thus  the  muscles  waste 
when  the  bones  or  joints  are  impaired;  and,  in  like  manner,  the 
bones  undergo  a  slow  but  sure  atrophy,  when,  from  paralysis  or 
other  cause,  the  muscular  force  abates. 

It  does  not  necessarily  follow  from  all  this  that  the  develop- 
ment, growth  and  nutrition  of  one  tissue  depends  in  a  direct  manner 
upon  the  other ;  though  it  is  far  from  improbable  that  some  more 
intimate  relationship  exists  between  the  several  structures  in  their 
formation  and  nutrition  than  we  are  at  present  aware  of.  It  may 
be  that  the  abstraction  of  certain  materials  from  the  blood  for  the 
production  of  one  tissue,  by  altering  the  relative  proportion  of  the 
constituents  of  that  fluid,  renders  it  better  adapted  to  the  formation 
of  others.  But  of  this  and  other  mutual  influences  of  a  similar  kind 
that  imagination  may  suggest  we  know  very  little.  Suffice  it  to 
say,  that  all  the  several  tissues  of  each  part  being  under  the  impulse 
of  one  common  developmental  force,  any  cause  which  disturbs  that 
force  with  regard  to  one  tissue  will  be  found  to  operate  in  a  more 
or  less  deleterious  manner  upon  the  others. 

When  once  the  bones  have  been  formed,  I  am  not  aware  that 
any  especial  sympathetic  relation  can  be  very  clearly  traced  between 


they  were  rather  short;  but  the  chief  deformity  consisted  in  their  being  directed 
forwards  instead  of  forwards  and  inwards,  so  that  what  should  have  been  their 
symphysial  edges  were  three  inches  asunder. 
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them  and  the  adjacent  soft  parts,  even  in  the  case  of  the  viscera 
contained  in  the  cavities  enclosed  by  them;  though  the  instances 
in  Avhich  suppuration  of  the  brain  has  ensued  upon  necrosis  of  the 
tables  of  the  skull,  and  the  frequent  association  of  disease  in  the 
Imigs  ■with  caries  of  the  ribs,  may  be  suggestive  of  something  of 
this  kind. 

The  symmetry  The  Symmetry  of  development  in  the  corresponding 

of  the  skeleton.  ^^^^^  ^f  ^|^g  ^^.^  l^^j^^g  ^^£  ^j^^  gkeletou  is  Carried  out 

^yitl^  singular  uniformity.  We  now  and  then  find  it  interfered 
Tvith,  by  the  absence  of  a  part  or  a  whole  limb  on  one  side.  It  is, 
however,  more  frequently  maintained  eveji  in  cases  of  aberration 
from  the  ordinary  standard,  the  same  or  similar  deviations  being 
commonly  observed  in  the  opposite  members.  Still  less  frequently 
is  there  any  deviation  from  symmetry  in  growth,  the  parity  of 
length  in  the  con-esponding  limbs  being  remarkably  uniform.  It 
is  maintained  in  dwarfs,  and  generally  in  rickets^,  the  arrest  of 
growth  in  both  instances  being  commonly  symmetrical.  It  is 
not  often  interfered  with  even  by  disease,  unless  the  effects  of  the 
disease  have  been  sufficient  to  impair  the  limb  to  such  a  degree 
as  to  render  it  almost  useless,  in  which  case  the  loss  of  function 
may  exert  so  deleterious  an  influence  upon  nutrition  as  even  to 
interfere  with  growth.  Thus,  in  a  man  whose  left  arm  and  fore 
arm  were  grievously  distorted  by  the  cicatrix  of  a  burn  which  had 
occui-red  in  childhood,  I  found  this  extremity  two  inches  shorter 
than  the  other,    the  difference   being  chiefly  caused   by  want  of 


^  In  the  Musee  Dupuytren  are  five  rickety  skeletons,  in  each  of  which  one  femur 
is  shorter,  from  one  to  three  inches,  than  the  other.  (See  Atlas  of  Mus^e  Dupuytren, 
where  some  of  these  are  represented,  PI.  XX.  and  XXI.  also  Catalogue,  No.  516,  &c.) 
There  is  nothing  to  account  for  this  disparity  in  any,  and  the  pelvis  retains  its  proper 
level  in  them  all.  In  one,  the  leg-bones  of  that  side  are  longer  than  those  of  the 
opposite,  so  as  in  part  to  make  amends  for  the  deficiency  of  the  femm*.  In  none  of 
the  others  has  this  occurred,  and  there  is,  consequently,  a  difierence  in  the  length  of 
the  two  extremities.  In  a  rickety  female  skeleton  in  St  Bartholomew's  museum,  the 
right  femur  measures  nearly  12  inches,  and  the  left  95.  The  leg-bones  are  longer  than 
the  thigh-bones,  and  a  slight  compensation  is  afforded  by  the  left  tibia  measuring 
I2|  inches,  the  right  measuring  i2g.  I  have  not  observed  this  disparity  of  growth  as 
an  attendant  on  rickets  in  any  other  bones  than  the  thigh-bones,  except  in  the  instance 
of  the  leg  just  mentioned,  or  where  there  has  been  disease  in  the  bone  or  a  contiguous 
joint. 
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growth  in  the  fore  arm.  In  a  case  of  long-standing  disease  of  one 
knee  tlie  affected  limb  was  an  inch  and  a  half  shorter  than  the  other ; 
the  difference  being  chiefly  in  the  thigh.  In  an  infant  brought 
to  Addenbrooke's  Hospital  without  the  right  thumb,  with  contrac- 
tion of  the  fingers  and  other  imperfections  in  the  hand,  no  difference 
in  the  length  of  the  two  limbs  was  observed  at  birth ;  but  as  the 
child  grew,  though  the  arm  and  hand  maintained  nearly  their 
proper  symmetrical  proportions,  the  fore  arm  scarcely  grew  at  all. 

The  examples  of  bones  exceeding  their  proper  symmetrical  pro- 
portions in  any  marked  degree  are  very  rare.  In  the  28th  volume 
of  the  Medico- CMrurgical  Transactions  Mr  Curling  relates  cases 
where  one  or  more  fingers  or  toes  greatly  exceeded  the  others  in 
size.  The  difference  existed  at  birth  and  continued  relatively  the 
same  with  the  growth  of  the  children. 

The  most  remarkable  instance  of  the  kind  that  I  have  met  with 
is  that  of  the  skeleton  of  a  young  man  in  the  museum  at  Bonn, 
where  the  right  upper  and  lower  extremities  are,  in  each  of  their 
parts,  longer  than  the  left.  It  is  so  curious  that  I  think  it  worth 
while  to  give  the  measurements  in  inches  : 


Height,  58. 

Length  of  Spine, 

19. 

Circumference  of  head, 

19.2. 

Eight  Humerus,   12. 

Ulna,       9.4. 

Hand,   7. 

Left  ditto      .     .11.3- 

Do.         8.6. 

Eight  Femur      .   17.2. 

Tibia,     1 7. 

Foot,  9. 

Left  ditto      .     .16.3. 

Do.        14.3. 

Do.     8.6. 

It  will  be  observed  by  a  comparison  with  Tables  I.  and  IV.  given 
fm'ther  on,  that  the  right  extremities  have  acquired  a  length  dis- 
proportionate, not  only  to  that  of  the  left,  but  to  that  of  the  heio-ht 
of  the  skeleton  and  of  the  spine  in  particular.  The  disproportion  is 
most  marked  in  the  leg-bones,  which  is  in  some  measure  accounted 
for,  by  those  of  the  right  side  having  been  the  seat  of  inflammation, 
as  shown  by  their  thickened  nodulated  condition.  There  are,  how- 
ever, no  traces  of  any  inflammatory  action  in  the  other  bones  ^ 


1  Doubtless  this  is  the  instance  of  hypertrophy  of  the  tibia  and  fibula  mentioned  by 
Mr  Stanley    {Diseases  of  the  Bones,   p.  i).      It  is  described  in  the  catalogue  of  the 
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THE    SENILE   SKELETON. 

Conditions  of  A  fcw  words   iiiore  may  be   added  respecting  the 

in' different '^'^  chaiiges  tliat  take  place  in  the  Ibones  of  old  persons, 
persons.  about  whicli   many   conflicting   statements   have  been 

made.  One  thing,  I  think,  is  clear,  and  it  is  the  only  thing 
which  seems  to  reconcile  the  various  opinions  that  have  been 
given  upon  the  matter,  viz.  that  the  bones  of  the  aged  differ 
a  good  deal  in  different  individuals.  The  writer  in  the  Cyclo- 
pcedia  of  Anatomy  says,  that  his  experiments  on  the  condition 
of  the  bones  of  old  persons,  though  instituted  during  several  years, 
were  entirely  unsatisfactory.  The  thigh-bone  of  a  woman,  who 
must  have  been  70  or  80,  was  thicker,  stronger,  and  contained 
more,  both  of  animal  and  earthy  materials,  than  that  of  any  adult 
Avith  which  it  was  compared.  I  have  repeatedly  observed  nearly 
the  same  thing.  Only  recently  I  had  occasion  to  remove  parts  of 
the  thigh-bones  from  the  body  of  a  woman  set.  75,  from  a  man  set. 
nearly  80,  and  fl-om  another  man  set.  nearly  90.  In  neither  could 
I,  without  close  examination,  have  distinguished  the  section  of  the 
shaft  from  that  of  the  healthy  adult.  It  was  always  believed,  and 
the  belief  rested  upon  the  analyses  of  many  competent  chemists, 
that  the  proportion  of  earthy  matter  underwent  a  progressive  in- 
crease from  the  beginning  to  the  end  of  life,  the  bones  of  the  old 
person  containing  a  gTeater  quantity  than  those  of  the  young  or 
even  of  the  adult ;  but  the  experiments  of  Stark  and  Von  Bibra, 
already  quoted,  are  in  opposition  to  this,  showing  that  the  con- 
stituents of  old  bone  and  young  bone  are  relatively  the  same. 

It  is  probably  in  the  varying  relations  in  which  the  two  pro- 
cesses of  absorption  and  deposit,  described  at  page  46,  stand  to  one 
another  in  different  persons,  that  an  explanation  is  to  be  found  of 
the  want  of  uniformity  in  the  characters  of  the  bones  in  old  people. 
In  one  class  of  persons  the  progressive  absorption  and  deposition, 
proceeding  slowly,  are  nearly  balanced,  so  that  the  weight  of  the 
bone  remains  much  the  same,  differing  very  little  from  that  of  the 


museum   as   "tlie  skeleton  of  a  young  man  with  diseased  condition  of  bones  of  the 
rio-ht  leg."     The  left  hand  and  radius  have  been  removed. 
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adult ;  the  only  alteration  is  that  the  cancellous  parts  are  somewhat 
more  rarefied,  the  medullary  cavities  somewhat  larger,  and  the  exter- 
nal walls  somewhat  denser  than  they  were.     In  another 

They  may  be-  i  t  •  t  i 

come  harder  class  the  tendency  to  bony  deposit,  exceednig  the  ten- 
dency to  absorption,  may  not  only  evidence  itself  by 
causing  greater  hardness  of  the  outer  walls,  but  may  even  supersede 
the  process  of  resorption  in  the  interior,  and,  encroaching  upon  and 
consolidating  the  cancellous  structure,  may  actually  increase  the 
weight  and  solidity  of  the  bones.  This  is  not  a  common  occurrence 
in  the  skeleton.  The  most  frequent,  if  not  the  only  well-marked, 
examples  of  it  are  to  be  found  in  the  cranium,  which  often  becomes 
preternaturally  dense  and  heavy,  as  well  as  thick,  in  the  aged,  its 
tables  being  thickened  and  its  diploe  becoming  consolidated. 
Numerous  specimens  of  this  senile  change  in  the  skull  are  pre- 
served in  pathological  collections ;  and  I  shall  again  revert  to  it 
when  treating  of  that  part  of  the  skeleton. 

Generally  be-  Thc  third  class  of  pcrsoiis  coiisists  of  tliosc  ill  whom 

come  hghter.  ^|^^  progrcssivc  absorptioii  goes  on  in  a  greater  ratio  than 
the  osseous  deposition.  This  is  much  the  more  numerous  class,  as 
might  be  expected.  Indeed,  if  the  alteration  be  not  excessive,  this 
may  be  regarded  as  tlie  regular  and  natural  course  of  events.  The 
effects  of  this  increasing  ratio  of  absorption  are  first  and  most  felt  in 
the  cancellous  parts  of  the  bones;  such  as  the  spongy  extremities  of 
the  long  bones ;  and  as  a  consequence  of  these  parts  becoming  rela- 
tively weakened,  they  are  proportionately  more  liable  to  sustain 
injury  in  the  aged  than  in  younger  persons.  Fractures  of  the  shafts 
and  dislocations,  so  common  in  the  adult,  are  comparatively  rare  in 
the  aged,  because  in  the  latter  tlie  atrophied  extremities  of  the  bones 
give  way  more  easily.  An  old  man  falls  upon  his  shoulder  and 
breaks  the  upper  end  of  his  humerus  by  a  blow,  which,  in  his  ear- 
lier life,  would  have  dislocated  the  bone  into  the  axilla; — or  he  falls 
upon  his  thigh  and  breaks  the  neck  of  his  femur,  a  part  of  the  bone 
whicli,  in  the  adult,  Avould  have  withstood  a  shock  sufficient  to 
fracture  the  shaft  or  rend  the  strong  capsule  of  the  hip; — or  he  falls 
upon  his  hand,  and  the  lower  end  of  the  radius  gives  way,  an 
accident,  common,  it  is  true,  in  young  persons,  but  proportionately 
more   frequent   in   the   aged.     When   this  progressive  absorption 
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proceeds  beyond  due  limits,  or  occurs  at  a  preternaturally  early 
period  of  life,  it  leads  to  that  form  of  atrophy  of  the  bones  Avhich 
is  called  moUities. 

Associated  with  this  tliinnino-  and  absori^tion  of  the 

Coudensation  _       "^         _  ^ 

byapproxima-  osscous  platcs  of  tlic  cancclli  there  is  commonly  an  ap- 
proximation of  the  tables  of  the  bone,  which  adds  to  the 
condensation  of  the  harder  parts  of  the  structure.  This  is  best 
appreciated  in  some  of  the  flat  bones,  the  scapula  and  the  ilium 
for  instance,  where  the  outer  and  inner  tables  may  coalesce  at 
parts  so  as  to  form  but  one  plate,  which  may  be  reduced  to  the 
thinness  of  writing-paper.  Its  effects  are  also  sometimes  well  seen 
in  the  skull. 

Associated  with  these  changes,  in  some  instances,  is 

Tendency  to  _  ° 

osseous  gio'n'tiis  also  a  slight  tendency  to  osseous  growths  on  the  exterior 
of  the  bones,  particularly  about  their  extremities ;  these 
growths  for  the  most  part  taking  place  at  the  expense  of  the  perios- 
teum and  of  the  tendinous  and  fibrous  tissues  implanted  there. 
This  accounts,  in  some  measm-e,  for  the  stiffness  and  lessened  range 
of  movements  of  the  joints  of  old  people;  and  this  activity  of  the 
ossific  processes  on  the  sm-faces  of  the  bones  accounts  also  for  the 
fi\ct,  that  fractiu'es  at  this  time  of  life  unite,  if  they  u.nite  at  all,  as 
quickly  or  even  more  quickly  than  in  adults  ^ 

Not  only  may  the  quantity  of  fat  contained  in  the 

Fatty  and  r*    i       i  i       •  i 

calcareous  maiTOw  01  the  boucs  be  increased  as  a  consequence  of  the 
enlargement  of  the  cells  of  the  cancelli  and  the  medul- 
lary cavities ;  but  there  is  also  in  the  bones  of  many  old  persons 
a  good  deal  of  free  fluid  fat  not  enclosed  in  cells,  which  has  become 
soaked  into  the  bone  substance.  This  renders  the  thin  laminge 
more  opaque  and  gives  to  the  bones  a  yellowish  colour  and  a  greasy 
feel,  incapable  of  being  removed  by  long  maceration  and  repeated 
boiling.  WedP  speaks  of  the  presence  of  calcareous  granules  in 
the  cancelli  of  old  individuals,  due  to  the  deposition  of  amorphous, 
calcareous  salts,  no  longer  capable  of  entering  into  an  organic 
union  with  the  osseous  tissue. 


^  See  Association  Medical  Journal,   1856,  p.  610. 

2  Pathological  Histology,  translated  for  the  Sydenham  Society,  by  George  Busk, 
F.E.S.,  page  141. 
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Changes  of  The   cliaiiges   of  shape   in   the   bones   which   take 

shape.  place  ill  advancing  years  (with  the  exception  of  those 

in  the  jaws,  the  neck  of  the  thigh-bone  and  the  spine,  which  will 
be  described  when  we  come  to  speak  of  those  bones)  are  few  and 
unimportant.  I  have  seen  nothing  to  warrant  the  belief  that  the 
bones  become  more  bent  with  advancing  years.  The  loss  of  height 
which  is  experienced  as  a  man  grows  older,  amounting,  according 
to  Quetelet,  from  1|  to  2  inches  between  the  ages  of  50  and  90, 
results,  not  from  any  increased  flexures  in  the  bones,  but  partly 
from  a  diminution  of  the  elasticity  of  the  cartilages,  the  interver- 
tebral fibro-cartilages  especially,  and  partly  from  the  erect  posture 
not  being  luaintained;  for  the  joints,  even  when  the  old  man 
attempts  to  stand  most  upright,  are  all,  or  most  of  them,  a  little 
bent.  This  incomplete  state  of  extension  of  the  joints  is  not  with- 
out its  good  effect  in  preventing  the  communication  of  jars  from 
one  part  to  another. 

The  ossification  of  the  cartilages  of  the  ribs  is  com- 

Ossification  _  _ 

of  costal  monly  regarded  as  being  simply  a  senile  change,  and 

the  instance  of  Old  Parr,  noted  by  Dr  Harvey,  in  which 
they  remained  soft  and  easily  cut,  is  quoted  as  a  marvellous 
exception  to  the  general  rule.  My  own  observation  has  furnished 
many  exceptions,  not  so  striking  of  com-se,  but  sufficiently  marked 
and  sufficiently  numerous  to  make  me  question  the  rule.  In  almost 
all  the  old  persons  on  whom  I  have  had  the  opportunity  of  making 
a  post  mortem  examination,  I  have  observed  the  cartilages  of  the 
ribs  to  be  discolom-ed  and  yellowish,  but  soft,  so  as  to  yield  easily 
to  the  knife  and  render  the  saw  unnecessary;  and  in  the  skeleton  of 
a  person  set.  100,  in  the  Berlin  Museum,  the  costal  cartilages  are  still 
unossified;  whereas  they  are  commonly  ossified  and  requiring  to  be 
sawn  through  in  adults  who  have  been  addicted  to  drinking  and 
have  become  unhealthy.  I  am  on  the  whole,  therefore,  disposed  to 
regard  the  ossification  of  the  costal  cartilages  as  a  sign  of  disease 
rather  than  of  age.  The  morbid  condition  which  induces  it  in  the 
adult  may  induce  it  also  in  the  aged,  though  I  have  not  remarked 
that  it  does  so;  and  I  suspect,  that  those  in  whom  it  occurs  do  not 
often  attain  to  great  age. 
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PATHOLOGICAL  CONSIDERATIONS. 


It  is  not  my  intention  to  enter  at  any  length,  or  in  a  systematic 
manner,  upon  tlie  wide  field  of  the  pathology  of  the  human 
skeleton,  but  merely  to  offer  a  few  remarks  which  connect  them- 
selves with  the  accomit  above  given,  of  the  formation,  shape,  &c. 
of  the  bones. 

It  might  seem   probable,    that   those   parts   of  the 
tween  order  of    skeleton  wliicli  are  latest  in  their  development 'would 

development  -,  ,  .         ,      . 

and  liability  to    bc  the  wcakcst  111  their  nutritive  powers,  and  would 
®^^^-  give  evidence  of  that  weakness  by  a  greater  liability 

to  disease  than  other  parts.  Certainly  the  analogy  furnished  by  the 
teeth  is  in  favoiu"  of  that  view.  They  are  the  last  of  the  solid 
structm'es  of  the  body  evolved,  and  they  are  the  first  to  decay  and 
be  removed.  Moreover,  they  decay  pretty  much  in  the  inverse 
order  of  their  appearance.  The  "wisdom"  teeth  first,  the  "in- 
cisors" last.  I  do  not  find,  however,  that  such  a  rule  holds  good 
with  regard  to  the  other  bones  of  the  skeleton,  in  a  sufficiently 
constant  manner  to  render  it  of  any  practical  value.  True,  the 
lines  of  union  of  the  epiphyses  are  not  mifrequently  the  seat  of 
inflammation  and  ulceration,  that  of  the  lower  end  of  the  femur 
more  often  than  any  other;  but  this  takes  place  before  the  union  is 
complete,  while  the  part  is  in  a  soft  state.  When  once  bony  union 
has  taken  place,  these  are  not  more  liable  to  disease  than  other  parts 
of  the  skeleton,  indeed  not  so  much  as  the  shafts  of  the  long  bones. 
The  clavicle,  I  grant,  is  not  often  the  seat  of  disease,  though 
it  takes  the  lead  in  ossification;  but  the  shafts  of  the  long  bones 
of  the  extremities,  which,  in  their  ossification,  follow  very  quickly 
upon  the  cla^dcle,  are  endowed  with  no  such  immunity.  Though 
formed  very  early  they  are  very  often  the  seat  of  disease;  inflam- 
mation, syphilis  and  cancer  attacking  them  more  frequently  than 
they  do  the  epiphyses  or  the  short  bones,  in  which  ossification 
is  later.  .  ... 
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The  liability  of  corresponding  parts  of  the  skeleton 
orskdetoif^  ^^  suffer  in  a  similar  manner — their  symmetrical  ten- 
often  affected     clcncy   to   discase,    as   it   is   called — has   already   been 

by  same  disease.  "^ 

noticed  (p.  16).  It  is  most  marked  when  the  disease 
depends  upon  some  morbid  condition  of  the  blood;  for  instance, 
when  it  is  of  a  syphilitic  character.  Besides  this  symmetry  in  its 
diseases,  there  can  be  no  question  that  there  is  a  harmony  in  the 
pathological  relations  of  the  various  parts  of  the  same  skeleton,  as 
there  is  in  the  case  of  the  other  tissues,  several  bones  being  often 
associated  in  similar  morbid  conditions.  Thus,  scrofulous  inflam- 
mation frequently  affects  several  parts  of  the  skeleton  in  the  same 
individual,  or  shifts  from  one  bone  to  another,  without  extending  to 
any  other  structure.  The  same  is  true  of  certain  forms  or  stages 
of  syphilis.  There  have  also  been  remarkable  instances  of  exos- 
toses springing  from  many  bones  of  the  same  skeleton;  and  the 
appearance  of  mollifies  or  cancer  in  one  bone,  suggests  a  well- 
grounded  apprehension  that  others  are  or  soon  will  be  involved. 

The  shafts  of  the  lona;  bones  are  the  parts  in  which, 

Tarts  most  _  °  ^    ^ 

subject  to  more  than  in  others,  the  process  of  addition  to  the  exte- 
rior, by  means  of  ossific  blastema,  takes  place  during 
growth,  and  they  are  also  the  parts  in  which  consolidation  of  the 
structure,  by  deposit  in  the  haversian  system,  proceeds  to  the  gTcat- 
est  extent,  and  from  which  the  periosteum  is  most  easily  detached. 
We  cannot  but  associate  these  peculiarities  with  the  facts,  that 
they  are  also  the  parts  in  which  reunion  of  fractures  takes  place 
most  quickly,  and  that  they  are  most  subject  to  necrosis  and  that 
morbid  thickening  and  condensation  which  is  called  hyj)erostosis  or 
sclerosis.  The  latter  is  an  affection  of  an  inflammatory  kind, 
and  does  not  commonly  extend  to  the  epiphyses,  though  it  usually 
affects  the  whole  length  of  the  shaft;  in  the  worst  cases  it  involves 
the  interior  of  the  bone,  solidifies  the  cancellated  structure  and 
blocks  up  the  medullary  canal,  as  well  as  causes  deposit  upon  the 
exterior.  At  the  extremities  of  the  bones,  on  the  other  hand,  where 
the  structure  is  more  sponoy  and  the  periosteum  more 

ulceration,  .  .  . 

closely  attached,  inflammation  is  commonly  more  loca- 
lized, and  leads  to  ulceration,  much  more  frequently  than  to 
necrosis  or  sclerosis. 
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Of  the  several  varieties  of  tumours  that  grow  upon 

and  tumours.  n/v  i-ni 

the  bones,  the  "  fibrous  aiiect  chiefly  the  extremities  oi 
the  bones  where  the  periosteum  is  rather  coarse,  and  a  good  deal  of 
fibrous  tissue  passes  from  it  to  the  bone.  They  aifect  also  the 
jaws,  where  the  fibrous  tissue  is  vascular  and  dips  into  the  sockets 
for  the  teeth.  The  "  cartilaginous  "  are  most  frequent  in  the  first 
and  second  phalanges  of  the  fingers,  beginning  in  their  shafts. 
Sometimes  they  are  found  growing  around  the  pubes,  the  ribs,  and 
the  shafts  of  the  long  bones.  The  "  osseous"  are  almost  exclusively 
confined  to  the  jaws,  the  sethmoid  and  frontal  bones.  Occasionally 
they  extend  to  the  parietal  and  occipital  bones.  I  include  under 
this  term  the  dense,  ivory-like,  knotty  growths,  which  are  regarded 
by  some  pathologists  as  originating  in  the  ossification  of  enclion- 
dromatous  tumours.  They  form  a  distinct  class  from  "  exostoses," 
which  are  found  upon  almost  every  part  of  the  skeleton.  The 
"cancerous"  tumours  ("scirrhous"  and  "  encephaloid"  at  least) 
attack  all  parts  indiscriminately,  and  originate  sometimes  in  the 
interiors,  but  more  frequently  on  the  exteriors  of  the  bones.  I  am 
not  aware  that  "  colloid"  cancer  has  been  found  affecting  the  bones, 
and  "  epithelial  "  cancer  attacks  them  only  by  extending  into  them 
from  other  structures. 

The  work  of  reparation  and  reproduction  goes  on 

Eeparation.  •    i  i  it  i         i       • 

most  quickly  and  abundantly  m  the  shafts  of  the  long 
bones,  in  the  ribs  and  lower  jaw;  in  those  parts,  that  is  to  say, 
where  the  periostemn  is  easily  detached,  and  where  it  most  con- 
tributes to  the  growth  of  the  bone.  The  cancellous  parts  are 
repaired  somewhat  more  slowly,  and  with  less  amount  of  callus; 
so,  that  if  by  any  cause  their  fractured  surfaces  are  kept  apart, 
reunion  is  likely  to  fail  altogether,  or  is  eftected  only  by  fibrous 
tissue,  as  in  the  case  of  the  patella,  olecranon,  os  calcis,  and  neck  of 
the  femm'.  The  reparative  processes  are  also  carried  on  very  slowly 
in  the  skull.  Even  a  simple  fissure  does  not  usually  become 
quite  closed;  and  if  a  small  portion  has  been  taken  away,  the  gap 
is  commonly  fomid  not  to  have  been  quite  filled  up  after  many  years, 
though  the  integi'ity  of  the  dura  mater  may  have  been  preserved. 
In  such  cases  the  new  bone  is  formed  slowly  upon  the  cut  edges  of 
the  skull,  with  scarce  any  formation  of  callus  upon  either  its  outer 
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or  its  inner  surface;  from  this  we  may  infer,  that  neither  the  dura 
mater  nor  the  pericranimn  have  much  to  do  with  the  production  of 
the  reparative  ossific  medium,  which  proceeds,  perhaps  exclusively, 
from  the  surface  of  the  bone  itself.  We  may  connect  this  mode 
of  reparation,  as  well  as  the  recoveries  which  take  place,  without 
necrosis,  after  a  considerable  extent  of  the  skull  has  been  deprived 
of  its  pericranium,  with  the  abundant  supply  of  blood  which  the 
cranial  bones  receive,  and  which  is  distributed  through  large  canals 
in  their  diploe. 

EICKETS. 

Eesuitfrom  Many  interesting  points  in  relation  to  the  structure 

defective  ^^^^"j^  formation  of  the  bones,  are  presented  in  cases  of 

structural  '  J 

development  <«  Rickcts,"  which  is  essentially  a  disease  of  the  develop- 
mental and  growing  period.  The  leading  peculiarity  in  the  bones 
aifected  by  it,  consists  in  a  deficiency  of  earthy  matter;  analyses  made 
by  various  chemists  combine  to  sliow,  that  rickety  bones  often  do  not 
contain  above  20  or  25  per  cent,  of  phosphate  and  carbonate  of  lime, 
instead  of  about  70.  This  deficiency  probably  results,  not  so  much 
from  the  earthy  matter  being  absorbed  after  it  has  been  once  depo- 
sited, as  from  its  never  having  been  added  in  the  right  proportions. 
It  would  seem,  therefore,  to  be  owing  to  a  defect  in  the  ossifying  pro- 
cess, the  calcareous  granules  not  being,  according  to  the  observa- 
tions of  Kolliker  and  Virchow,  supplied  in  their  proper  quantities  to 
the  cartilage  or  blastema,  during  the  period  in  which  the  various 
changes  requisite  for  the  conversion  into  bone  are  going  on  in  the 
cells  and  other  constituents  of  these  structures.  The  bones,  in  con- 
sequence of  this  failure,  do  not  acquire  their  proper  degree  of  hard- 
ness, that  hardness  which  is  requisite  to  enable  them  to  bear  the 
weight  of  the  body.  They,  therefore,  yield  under  its  weight  and 
under  the  contractile  force  of  the  muscles,  and  become  misshapen  in 
various  ways.  The  disease  may  show  itself  in  the  first  formative 
periods ;  the  bones  not  being  made  of  sufficient  strength  to  bear  the 
pressm'e  of  the  muscular  contractions  during  foetal  life.  Accordingly 
in  a  few  cases  the  child  has  been  born  more  or  less  distorted  in  con- 
sequence of  rickets.     These  cases  are  not,  however,  very  common. 
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The  age  at  wliicli  its  effects  are  most  frequently  witnessed,  is  from 
about  tlie  first  to  the  third  year;  that  is  to  say,  at  the  time  when 
the  limbs  are  first  called  upon  to  sustain  the  weight  of  the  trmik. 
Dr  Merei  observes :  "In  the  immense  majority  of  instances,  the  age 
at  which  rachitism  shows  its  first  symptoms,  in  my  experience, 
ranges  between  the  first  nine  and  eighteen  months ;  and  the  children 
afSicted  with  it  are  almost  invariably  such  as  are  late  in  their 
dentition,  closure  of  the  fontanelle,  and  walking^"  Associated  with 
the  deficiency  in  the  quantity  of  earthy  matter  is  usually  a  preterna- 
tm'al  amount  of  oil  in  the  bone  substance ;  and  in  some  instances,  as 
in  the  case  quoted  before  from  Marchand,  a  morbid  condition  of  the 
animal  basis  has  been  found.  There  may  be,  besides,  preternatural 
vascularity,  a  spongy  or  cellular  condition  of  the  structure,  owing  to 
too  great  activity  of  the  processes  of  absorption,  or  actual  cavities 
of  considerable  size,  filled  with  serous  or  gelatinous  fluid,  pale  or 
stained  with  blood:  all  which  shows  that  though  the  failure  in  the 
calcification  of  the  animal  matrix  may  be  the  most  obvious,  it  is  by 
no  means  the  only,  perhaps  not  even  the  most  important  feature, 
in  this  disease. 

Associated  also  with  the  failure  in   the   structural 

andgrowtk  n     i       ^  •  i  ir-'i 

development  oi  the  bones  is  commonly  more  or  less  fail- 
ure in  their  growth.  The  child  is  undersized;  the  deficiency  of 
size  being  most  marked  in  the  limbs  that  are  most  affected,  that  is, 
in  the  lower  limbs,  and  in  the  parts  in  which,  dming  the  later 
periods  of  foetal  life  and  after  birth,  growth  has  to  take  place 
most  quickly,  so  as  to  bring  the  body  into  its  proper  proportions; 
that  is,  in  the  face  and  in  the  shafts  of  the  long  bones,  particularly 
those  of  the  humerus  and  femur.  Hence  in  the  rickety  person  the 
face  is  sometimes  small  in  comparison  with  the  cranium ;  the  limbs 
are  short  in  comparison  with  the  trunk ;  the  shafts  of  the  bones  are 
small  in  comparison  with  their  epiphysial  extremities ;  and  it  is 
interesting  to  observe,  in  connection  with  what  is  said  at  a  future 
page  on  the  relative  growth  of  the  thigh  and  arm  after  birth,  that  the 
femm*  and  humerus,  in  many  of  these  cases,  do  not  attain  to  nearly 


^  Disorders  of  Infantile  Development,  1855. 
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their  proper  proportionate  length.  This  point  is  well  exemplified 
in  specimens  preserved  in  the  College  of  Surgeons  (Nos.  9,  12,  and 
others).  Some  of  these  illustrate  also  the  fact,  which  I  have 
observed  in  other  instances,  that  the  feet  and  hands  may  attain  and 
preserve  their  proper  shape  and  size,  where  the  other  parts  of  the 
limbs  are  small  and  sadly  distorted  \ 

Another  illustration  of  the  imperfect  development  and  growth  of 
the  bones  in  rickets  is  furnished  by  transverse  sections  of  them, 
which,  in  some  of  the  worst  cases,  have  been  found  to  exhibit  a  greater 
degree  of  compactness  in  the  osseous  structure  lying  towards  the 
interior  of  the  bone  than  on  the  exterior ;  wherein  they  resemble 
foetal  bones;  that  transfer,  as  it  were,  of  osseous  material  from  the 
inside  to  the  exterior  of  the  bone,  v*^hich  is  one  of  the  results  of  the 
processes  that  should  go  on  in  growing  bones,  not  having  taken  place 
as  it  ought  to  have  done.  This  feature  of  rickety  bones  is  partly 
a  consequence  of  the  sub-periosteal,  pumice-stone-like,  osseous  mat- 
ter of  Virchow,  which  may  be  present  in  greater  quantity  than  is 
natural,  not  having  undergone  its  proper  condensation,  and  is  partly 
also  due  to  the  circumstance  that  the  internal  structure  has  not 
undergone  its  proper  rarefaction.  Meyer^  remarks  that  rickety 
bones  are  thicker  than  ordinary  bones,  especially  at  their  articular 
ends;  a  section  shows  the  medullary  cavity  smaller  and  shorter 
than  natural;  the  periosteum  is  thick  and  the  surface  of  the  bone 
under  it  is  thicker  and  more  porous  than  usual.  The  component 
sheets,  he  says,  are  no  more  or  fewer  than  natural,  but  thicker  and 
more  separate.  iVccording  to  Rokitansky,  the  apophyses  also  re- 
main separate  longer  than  usual.   A  remarkable  specimen  of  rickety 


1  Dr  Stern  (MuUer's  ArcMv,  1834,  p.  225)  found  that  in  cases  of  curvature  of  the 
spine,  although  the  long  bones  of  the  extremities  were  short  in  comparison  with 
those  of  the  healthy  skeleton,  they  bore  their  proper  proportion  to  those  of  the  trunk, 
with  the  exception  of  the  thigh-bones,  which  were  relatively  as  well  as  actually  short. 
In  a  young  woman,  aet.  20,  who  had  from  childhood  suffered  paralysis  of  the  left  arm, 
Otto  {Seltene  Beobachtungen,  li.  32,)  found  the  bones  exceedingly  thin  and  short,  and 
the  humerus  and  ulna  were  of  nearly  equal  length,  the  former  measuring  yi  inches,  and 
the  latter  7  inches  and  3  lines. 

In  some  rickety  skeletons  I  have  found  the  shafts  of  the  bones  very  short  but  not 
much  bent. 

^  Muller's  Arckiv,  1849.  Virchow's  account  given  in  his  ArcJdv,  v,  409,  agrees 
generally  with  that  of  Meyer. 
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fcetiis,  in  Avliich  tlie  bones  are  singularly  short  and  thick,  is  in  the 
Miisee  DupujtrenK 

cun-aturesin  The  curvatuTes  that  take  place  in  rickets,  in  con" 

rickets.  sequence  of  the  want  of  proper  hardness  of  the  bones-, 

are  commonly  observed  in  those  parts  of  the  skeleton  which  are 
narroAvest  and  most  dependent  on  the  density  of  their  structm-e  for 
their  strength,  such  as  the  shafts  of  the  long  bones,  those  especially 
of  the  lower  limbs  which  have  to  bear  the  weight  of  the  body. 
They  are  observed  to  take  place  a  little  above  the  ankle  more  fre- 
quently than  at  any  other  part,  because  the  tibia  and  fibula  there 
have  to  sustain  a  greater  weight,  in  proportion  to  their  diameter, 
than  falls  to  the  share  of  any  other  portion  of  the  skeleton.  They 
generally  take  the  direction  of  the  natural  curves  of  the  bones, 
being  exaggerations  of  them.  In  the  most  severe  cases,  where  the 
disease  begins  early,  the  preternatm*al  flexure  is  commonly  an  exag- 
geration of  the  chief  or  primary  curve  of  the  bone.  The  femur  and 
tibia,  for  instance,  are  simply  arched  forwards ;  or  the  former  bone 
is  bent  forwards  and  outwards,  and  the  latter  forwards  and  inwards. 
Occasionally  they  are  so  much  cmwed  as  to  form  nearly  a  half- 
circle.  In  less  severe  cases,  where  the  evidences  of  the  disease  do 
not  appear  quite  so  soon,  the  slighter  or  secondary  curves  are  in- 
creased; thus  the  femur  is  bent  outwards  at  the  upper  part,  inwards 
below,  and  the  shaft  of  the  tibia,  in  accordance  with  the  cm-ves  of 
its  spine,  is  bent  inwards  above  and  outwards  below.  The  neck 
of  the  femm*  approaches  more  nearly,  or  quite,  to  a  right  angle  with 
the  shaft.  In  severe  cases  only  are  the  bones  of  the  upper  extre- 
mities much  bent.  In  them  the  humerus  is  curved  a  little  out- 
wards, as  if  the  action  of  the  deltoid  had  pulled  the  part  of  the 
shaft  to  which  it  is  attached  in  that  direction.  Or  it  may  assume 
that  shape  in  consequence  of  the  manner  in  which  the  child  sup- 
ports itself  in  the    sitting  posture  by  the  aid  of  its  hands;    this 


^  See  CataZogvx  of  Musee  Dn/puytren,  p.  691,  and  Atlas,  PI.  xx.  No.  514.  The 
affection  is  there  called  ''hypertrophie  rachitique."  The  foetal  type  is  also  in  this 
specimen  perpetuated  in  some  other  peculiarities,  such  as  the  maintenance  of  a  dispro- 
portionate prominence  of  the  occipital  and  parietal  protuberances,  I  have  seen  several 
similar  specimens  in  other  museums. 

5 
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would  seem  to  be  the  cause  of  the  deformity  in  those  cases  where 
the  lower  parts  of  the  arm-bones  and  the  elbows  are  bowed  out- 
wards. The  radius  and  ulna  exhibit  merely  a  slight  increase  of 
their  ordinary  curves,  that  with  the  concavity  towards  the  palmar 
aspect  being  deepened,  and  the  interval  between  the  two  bones 
is  widened.  For  information  respecting  the  changes  of  shape 
that  take  place  in  the  pelvis,  spine,  and  other  bones,  I  must 
refer  to  what  is  said  respecting  those  bones  in  subsequent  parts  of 
the  work. 

Flattening  at  ^^  ^^^^  bending  of  the  bones  were  a  mere  mecha- 

the  sides.  nical  proccss  in  the  com'se  of  the  disease,  resulting 
simply  from  the  imperfectly  hardened  shafts  being  imable  to 
bear  the  required  amount  of  pressure  made  upon  their  ends,  we 
should  then  find  that  the  bones  would  be  flattened  on  their  concave 
and  convex  sides,  and  would  be  widened  transversely,  as  takes 
place  when  a  quill  or  a  stick  is  bent.  But  such  is  not  the  case. 
Indeed  precisely  the  reverse  of  this  is  usually  the  result.  The 
bones  are  commonly  flattened  at  the  sides,  and  thickened  in  a  cor- 
responding manner  towards  the  convexities  and  concavities  of  the 
curves,  forming  what  has  been  called  sabre-shaped  curvatures. 
This  shows  that  a  modelling  or  growing  process  is  at  work  during 
the  progress  of  the  disease,  adapting  the  diameters  of  the  shaft  to 
its  unnatural  shape,  and  heaping  up  bone  where  it  is  most  required. 
It  seems,  when  a  section  is  examined,  as  though  the  layers  of  the 
bone  were  spread  out  on  the  concave  side,  so  as  to  project  into  the 
middle,  where  the  medullary  cavity  should  be,  and  to  project  also 
on  the  other  side  in  the  arc  of  the  curve.  Generally  the  curves  are 
gradual.  In  a  few  instances  they  are  sharp.  In  the  Dupuytren 
Museum  there  are  the  bones  of  the  lower  extremities  in  which  this 
is  remarkably  the  case,  so  much  so  as  to  simulate  fracture.  In  the 
Berlin  Museum  also  the  two  thigh-bones  of  a  rickety  child  are  bent 
to  a  right  angle  at  the  middle.  Some  of  these  sharp  curves  may 
be  the  result  of  fractures  which  have  united,  and  instances  now  and 
then  occur  in  which  such  fractures  have  taken  place  in  the  uterus^. 


See  a  paper  by  Dr  Barker  in  the  British  Medical  Journal,  Sept.  26,  1857. 
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Vircliow^  seems  inclined  to  attribute  many  of  the  flexures  in  rickety 
bones  to  fracture.  The  direction  and  symmetrical  disposition  of 
the  curves,  however,  would  indicate  such  a  cause  to  be  the  excep- 
tion rather  than  the  rule. 

Subsequent  -^^  ^  subscqucut  pcriod  ample  amends  are  made  for 

hardening.  ^^^^^  deficiency  of  ossifying  force  in  early  life  which  is 
the  prime  cause  of  the  disease.  The  bones  become  actually  harder 
and  stronger  than  those  of  the  healthy  adult ;  and  the  exuberance 
of  the  ossifying  processes  is  further  evidenced  by  growths,  in  the 
form  of  ridges  and  knotty  projections,  which  often  shoot  out  from 
the  shafts  and  extremities.  This  unwonted  hardness  and  strength 
are  rendered  necessary  by  the  peculiar  shapes  which  the  bones  have 
assumed,  their  preternatm'al  curves  being  unfavourable  for  bearing 
weight  and  resisting  muscular  action.  At  the  same  time  they 
afford  a  better  leverage  to  the  muscles.  This  very  condition,  which 
originates  in  weakness,  becomes  thus  a  source  of  strength,  and 
accordingly  some  of  these  bent-limbed  rickety  persons,  presenting, 
as  they  do,  a  resemblance  to  the  lower  animals  in  the  conforma- 
tion of  their  bones,  have,  when  arrived  at  mature  age,  like  them, 
been  endued  with  remarkable  muscular  power. 
^^^     ,  The  imperfection  of  structure  from  a  want  of  proper 

other  changes  ^  -i-       -i 

in  rickety         proportion  of  earthy  salts,  associated  with  deficiency  of 

bones. 

growth  and  alteration  of  shape,  constitutes  the  chief 
feature  of  rickety  bones.  But  to  it  may  be  superadded  other 
morbid  conditions  which  are  rather  of  a  secondary  nature,  and 
which  depend  in  some  measure  upon  a  liability  in  the  weak  and 
imperfect  structure  to  be  the  seat  of  low  inflammatory  processes. 
These  lead  to  a  further  softening  with  a  preternatural  expansion  of 
the  osseous  tissue,  to  absorption  of  the  bone-substance  nearly  allied 
to  ulceration  and,  it  may  be,  to  fracture.  In  some  cases  they 
engender  an  enlargement  of  the  bones  by  causing  the  formation  of 
soft  cnmibling  osseous  deposit  upon  their  exterior.  Enlargement 
from  this  cause  is  often  seen  in  the  bones  of  monkeys  dying  in  this 
country.  In  the  hrnnan  skeleton  it  is  seen  in  its  most  marked 
forms  in  the  skull.  It  affects  most  frequently  the  frontal  bone  on 
either  side,  but  sometimes  involves  all  the  bones  both  of  the  face 

^  Archil;  v.  461. 

5—2 
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and  the  craniiim^.  Many  of  the  enormously  thickened  skulls  to  he 
found  in  our  museums  are  attributable  to  this  cause.  It  is  also  a 
^ery  common  thing  to  find  the  articular  ends  of  some  of  the  bones, 
particularly  those  of  the  radius  and  ulna,  enlarged  in  rickety  chil- 
dren; sometimes  in  young  children  who  present  no  other  signs  of  an 
abnormal  condition  of  the  bony  system.  Mr  Brayne,  of  Banbury, 
has  related,  in  the  third  volume  of  the  Transactions  of  the  Provincial 
Medical  and  Surgical  Association,  a  remarkable  case  of  enlargement 
of  the  epiphyses  of  the  bones  of  the  leg  and  fore-arm,  as  well  as  of 
the  lower  epiphyses  of  the  femur  and  humerus,  in  an  undersized  lad 
£et.  7  years,  the  shafts  of  the  bones  remaining  straight.  This  en- 
largement results  from  a  preternatural  growth  of  the  epiphysial 
cartilages ;  but  it  is  difficult  to  account  for  its  being  so  common  in 
the  lower  ends  of  the  radius  and  ulna  in  comparison  with  the  other 
epiphyses.  In  the  case  of  a  little  girl  under  my  care,  where  there 
was  no  other  sign  of  rickets,  suppuration  took  place  in  connection 
with  the  enlarged  lower  ends  of  the  radius  in  both  arms. 
Moiiities  Th.Q   discasc   commonly  called  "  moUities  ossium '' 

ossium.  differs  from  rickets  in  occurring  at  a  later  period,  after 

the  skeleton  has  been  properly  formed,  and  in  resulting,  not  from  an 
imperfection  in  the  work  of  ossification,  but  from  an  alteration  and 
absorption  of  the  osseous  texture  after  that  process  has  been  com- 
pleted. It  is  most  frequent  in  women,  and  has  in  several  instances 
occurred  in  the  intervals  between  confinements,  causing  distortion 
of  the  pelvis  and  rendering  delivery  difficult  or  impracticable.  It 
occurs  most  frequently  and  progresses  with  greatest  rapidity  during 
pregnancy,  in  consequence,  it  has  been  fancied,  of  the  phosphate 
of  lime  being  then  absorbed  from  the  mother's  skeleton  for  the  pur- 
poses of  contributing  to  the  formation  of  the  foetal  bones.  It  is 
usually  attended  with  pain,  and  would  seem  to  be  somewhat  inflam- 


^  As  a  general  rule,  tlie  cranial  bones  affected  in  this  manner  are  light  and  porous 
as  "well  as  thick,  consisting  in  great  measure  of  diplbe  with  a  thin  sieve-like  outer  and 
inner  table.  After  a  time,  they  may,  like  other  rickety  bones,  become  very  dense  and 
heavy.  In  a  few  instances  the  foramina  at  the  base,  the  carotid  and  jugular,  and 
even  the  foramen  magnum,  have  been  found  reduced  in  size  by  the  bony  deposit ;  the 
former  so  much,  that  it  was  difficult  to  understand  how  they  could  have  transmitted 
a  sufficient  supply  of  blood  to  the  brain.  Otto,  Neue  Beohaclitungen  zur  Anat.  Phys, 
und  Path.  §  3. 
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matory  In  its  natiu'e.  I  have  lately  met  with  a  case*  of  the  kind 
in  the  person  of  a  woman,  £et.  30,  who  had  been  five  years  pre- 
viously, and  again  after  an  interval  of  two  years,  delivered  of  a 
healthy  child.  Since  the  last  confinement  she  had  suffered  pains 
about  her  back  and  hips,  and  had  become  gradually  very  lame. 
She  had  been  in  labour  eighteen  hom-s  when  I  saw  her,  and  the 
child  was  dead.  It  being  quite  clear  that  the  pelvis  was  so 
distorted  as  to  render  delivery  through  the  natural  passage  im- 
possible by  any  means,  I  at  once  performed  the  ca^sarian-  opera- 
tion, not,  however,  the  event  proved,  till  after  the  uterus  had 
given  way.  The  pelvis  exhibited  the  effects  of  excessive  atrophy ; 
an  exaggerated  condition  of  that  state  which  often  occurs  in  senile 
atrophy.  The  entire  structm-e  was  light  and  spongy,  with  the 
exception  of  a  delicate  external  lamina.  In  the  middle  of  the 
ala  of  the  ilium,  the  outer  and  inner  plates  had  coalesced,  and 
the  delicate  resultant  lamina  had,  to  a  considerable  extent,  dis- 
appeared, leaving  wide  perforations.  In  most  cases  where  an 
analysis  of  the  bone  has  been  made  under  similar  circumstances, 
the  earthy  matter  has  been  found  deficient,  and  in  this  case  it 
amounted  to  only  47.8  per  cent.  The  large  areolse  were  filled  with 
apparently  healthy  medulla.  The  distortion  resembled  that  which 
usually  occurs  in  sucli  cases,  consisting  of  a  folding  up  of  the  pubic 
bones,  so  that  the  middle  of  the  linea  ilio-pectinea  on  either  side 
formed  an  angle  directed  towards  the  middle  of  the  brim  of  the 
pehns,  and  the  sacrum  had  advanced  forwards  towards  the  same 
point.  The  thigh-bones  and  vertebra  were  involved  in  the  disease, 
the  latter  being  easily  cut  with  a  knife.  In  some  of  these  cases  the 
patients'  m'ine  has  contained  phosphate  of  lime.  Upon  what  this 
prematare  and  excessive  atrophy  depends  we  cannot  tell;  and  no 
instance  has  yet  been  related  in  which  the  disease  has  failed  to 
proceed  to  a  fatal  termination. 

It  was  interesting  to  observe  in  this  case  that,  although  the 
bones  were  in  so  extremely  atrophied  a  condition,  yet  they  were  in 
many  parts  encrusted  with  osseous  deposit,  which  had  recently 
taken  place  upon  their  exterior,  affording  an  additional  illustration 


^  Association  Medical  Journal,  1856,  p.  779. 
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of  the  fact  tliat  osseous  deposition  on  the  exterior  of  bones  is  often 
coincident  with  (perhaps  it  may  be  in  some  measure  a  resultant 
of)  osseous  absorption  in  their  interior.  The  occurrence  of  the 
same  thing  has  been  remarked  in  senile  atrophy  (page  57) ;  it 
is  not  an  unfrequent  accompaniment  of  cancer  and  some  other 
diseases,  which  are  attended  with  absorption  or  destruction  of 
bone^. 

If  a   limb   be   not  used,   the  bones   usually  waste. 

Wasting  of  '  ^  ,  .     '' 

bones  from  Tlicy  may  become  smaller,  that  is  thinner,  without  very 
great  alteration  in  their  texture;  or  they  may  undergo 
interstitial  absorption  without  much  alteration  of  size;  or  they  may 
undergo  both  changes — diminution  of  size  and  interstitial  absorp- 
tion— at  the  same  time.  These  points  are  well  illustrated  by  the 
conditions  which  the  bones  of  stumps  present  where  the  limbs  have 
been  long  amputated.  In  some  the  bones  are  cleared  of  their 
cancelli  and  reduced  to  a  mere  porous  shell,  the  size  remaining 
unaltered.  In  others  they  become  much  reduced  in  circumference, 
their  walls  retaining  their  proper  density.  In  a  third  class  the 
bones  are  small,  and  are  also  light  and  porous.  In  a  case  recorded 
by  Larrey  of  a  man  who  died  forty-one  years  after  amputation  of 
the  arm  near  the  shoulder  the  scapula  was  as  thin  as  paper,  and  the 
clavicle  no  thicker  than  that  of  an  infant.  I  am  not  aware  that  a 
bone  is  ever  reduced  in  length  as  a  consequence  of  atrophy.  If 
a  part  be  disused  by  reason  of  paralysis  or  other  cause,  the  bones 
may  fail  to  attain  their  proper  length;  but,  having  attained  it,  I 
do  not  know  that  they  ever  lose  it. 


^  For  an  account  of  the  changes  observed  microscopically  in  a  case  of  osteomalacia 
see  Wedl's  Pathological  Histology  (edited  by  the  Sydenham  Society),  p.  237. 
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THE    JOINTS. 

The  various  points  of  Interest  of  a  mechanical  kind  displayed 
in  the  construction  and  shape  of  the  bones  are  secondary  only  to 
those  which  may  be  observed  In  the  manner  of  the  connection  of 
the  several  bones  with  one  another.  The  long  words  that  have 
been  used  by  different  anatomists  in  their  classifications  of  the 
several  joints,  whatever  good  they  may  have  done,  have,  I  think, 
had  an  evil  influence  in  rendering  this  branch  of  anatomy  somewhat 
distasteful  to  the  student.  It  will  be  my  endeavour,  therefore, 
to  avoid  them. 

The  several  bones  of  the  head  and  face,  where  no 

Suture  with 

intervening  movemcut  Is  rcquIrcd  between  them,  are  joined  together 
by  direct  apposition  of  their  edges.  At  least  there  is 
interposed  between  them  only  an  exceedingly  thin  membranous 
streak  composed  of  connective  tissue,  and  extending  in  short  paral- 
lel fasciculi  from  the  border  of  one  bone  to  that  of  the  otherS 
In  some  instances,  where  the  mechanism  of  the  parts  is  sufficient  to 
hold  the  bones  together,  their  edges  are  simply  placed  In  appo- 
sition. This  is  the  case  also  where  the  bones  are  very  thin,  as 
in  those  forming  the  septum  of  the  nose  (PL  XII.  fig.  1.  c,  d).  In 
some  instances  the  edges  overlap  one  another,  for  the  purpose  of 
gl^nng  support  in  a  particular  direction,  as  in  the  suture  of  the 
temporal  with  the  parietal;    or  the  one  bone  may  be  let  into  a 


1  "This  suturaX  ligament,  as  it  may  be  termed,  is  very  evident  as  long  as  the 
cranial  bones  are  still  growing.  When  the  growth  of  the  cranium  approaches  its  com- 
pletion, this  tissue  gradually  disappears,  becomes  firmer,  and,  in  old  age,  seems,  in 
many  places,  especially  on  the  inner  part  of  the  sutures,  and  even  before  their  com- 
plete obliteration,  to  be  entirely  removed."     Kolliker's  Manual,  I.  311. 
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superficial  groove  in  the  other,  as  in  the  suture  of  the  sphenoid 
with  the  vomer.  Most  frequently  the  bones  have  grown  somewhat 
into  each  other,  and  become  interlocked  or  dove-tailed  together,  so 
as  to  constitute  a  very  strong  and  intimate  union.  This  is  the  most 
prevalent  form  of  suture  in  the  cranium.  The  bones  are  so 
closely  and  firmly  joined  together  by  this  means,  that  separation 
of  them  by  external  force  is  a  rare  occurrence;  and  fractures  and 
fissures  are  less  frequent  in  the  lines  of  the  sutures  than  in  other 
directions. 

In  a  few  exceptional  instances  at  the  base  of  the 

with  inter-  ^  ^  _  _ 

veningcarti-  cranium,  whcrc  the  primordial  structure  was  cartilage 
instead  of  membrane,  the  contiguous  edges  of  the  bones 
are  connected  by  a  thin  layer  of  intervening  cartilage  which  has 
remained  unossified.  In  this  manner  the  basilar  process  of  the  oc- 
cipital is  joined  to  the  sphenoid,  and  its  jugular  processes  are  united 
to  the  temporal  bones.  This  mode  of  union  is  the  one  which  pre- 
vails between  the  shafts  of  the  long  bones  and  their  epiphyses. 
(See  Plate  II.  page  40.)  Tlie  surfaces  so  connected  are  less  serrated 
than  those  which  enter  into  the  formation  of  the  ordinary  sutures; 
and  they  are,  in  most  instances,  cemented  together  by  bone  at  an 
earlier  period.  There  are,  however,  in  other  parts  of  the  skeleton, 
examples  of  the  same  kind  of  joint  in  which  the  uniting  cartilage 
remains  unossified  to  a  late  date,  as  in  the  case  of  the  costal  carti- 
lages and  the  cartilages  of  the  sacro-iliac  joints. 
Union  by  fibro-  Where  a  slight  amount  of  movement  of  one  bone 
cartilage,  upou  another  is   required  to   be   combined  with   great 

strength  for  the  purpose  of  supporting  weight,  &c.  the  apposed  sur- 
faces of  the  bones,  which  are  usually  broad  in  such  case,  are  united 
by  a  tolerably  thick  and  very  strong  layer  of  fibro-cartilage,  in 
which  there  is  disposed  a  variable  amount  of  elastic  tissue.  This 
material  is  found  between  the  bodies  of  the  vertebree,  and  will  be 
described  more  particularly  when  treating  of  the  spinal  column. 
It  is  of  greater  strength  even  than  the  bones  themselves,  and  very 
rarely  becomes  ossified. 

by  synovial  Lastly,  wlierc  a  greater  amount  of  movement  being 

joints.  required,  it  is  necessary  that  the  apposed  surfaces  of  the 
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bones  sliould  slide  upon  one  another,  a  regular  joint  Is  provided, 
with  a  synovial  capsule;  and  the  bones  are  held  together  by  fibrous 
tissue  disposed  in  bimdles  or  sheets  which  pass  from  one  to  the 
other  In  such  a  manner  as  to  permit,  and,  to  some  extent,  direct  the 
movements  within  a  certain  range,  and  at  the  same  time  to  prevent 
their  exceeding  it.  We  shall  find  that  the  chief  office  of  these 
fibrous  ligaments  is,  as  I  have  said,  to.  regulate  and  limit  the  move- 
ments of  the  joints:  and  the  precise  mode  in  which  each  one  Is 
intended  to  perform  that  duty  may  commonly  be  learned,  with 
tolerable  certainty,  by  examining  the  course  of  Its  fibres,  and 
the  direction  which  they  take  at  the  point  of  insertion  Into  the 
respective  bones.  In  addition  to  this,  their  primary  office,  the  liga- 
ments contribute  to  prevent  the  displacement  or  dislocation  of  the 
bones,  which  is  foi'ther  provided  against  by  the  Influence  of  atmo- 
spheric pressure,  and  by  the  contractions  of  the  surrounding  mus- 
cles. Such  accident  Is,  indeed,  chiefly  provided  against  by  the  con- 
tractions of  the  muscles;  for,  although  no  complete  dislocation  of 
any  joint  can  take  place  without  rupture  of  some  of  Its  ligaments, 
yet  slight  disj)lacements — subluxations  as  they  are  called — can  In  a 
few  Instances,  that  of  the  thumb  for  example  In  some  persons,  be 
effected  dming  life  with  the  assent  of  the  muscles.  Moreover  the 
comparative  facility  with  which  sprains  and  dislocations  occur  when 
the  muscles  are  unprepared  to  support  the  joints,  as  in  making  a 
false  step,  &c.  clearly  shews  that  the  latter  are  the  chief  agents  In 
preventing  those  accidents.  In  the  ordinary  healthy  state  the  ready 
contractions  of  the  muscles  of  a  limb  scarcely  permit  Its  ligaments 
to  be  even  put  on  the  stretch  by  external  forces,  which  accomits  for 
the  surprising  escapes  of  tumblers,  wrestlers,  and  other  devotees  to 
the  gymnasium.  It  is  not  that  their  ligaments  have  acquired  unusual 
strength,  so  much  as  that  their  joints  are  braced  by  the  Increased 
vigour  and  activity  of  their  muscles. 

In  many  ioints — the  ball  and  socket  loints  for  in- 

Influence  of  .  . 

atmospheric      stancc — though  the  ligaments  assist,  as  just  mentioned, 

pressure.  ,  .,.,...  .,  ,, 

m  preventing  dislocation,  it  is  quite  clear  that  the  arti- 
cular surfaces  cannot,  under  ordinary  circumstances,  be  directly 
held  in  apposition  by  them,  inasmuch  as  they  must  be  loose  In  the 
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whole  circumference  to  permit  the  movements  of  the  joint  in  every 
direction.  If  the  ligament  were  sufficiently  tight  at  any  one  part  to 
hold  the  bones  together,  it  must  of  necessity  prevent  the  movement 
in  one  direction,  which  we  know  is  not  the  case.  The  experiments 
of  Weber  upon  the  hip-joint  were,  I  believe,  the  first  to  prove  the 
fact,  that  atmospheric  pressure  is  the  real  power  by  which  the  head 
of  the  femur  is  held  in  the  acetabulum  when  the  muscles  are  at 
rest.  One  convincing  experiment  is  easily  repeated;  that  namely 
of  holding  up  a  side  of  the  pelvis,  with  its  appended  lower  ex- 
tremity, the  joint  not  having  been  opened,  and  then  boring  a  hole 
through  the  acetabulmu,  so  as  to  admit  air  into  the  hip-joint,  when 
the  weight  of  the  limb  will  cause  it  to  drop  from  half  an  inch  to  an 
inch,  the  head  of  the  thigh-bone  being  pulled  out  of  the  acetabulum 
as  soon  as  the  air  is  permitted  to  pass  between  the  articular  surfaces. 
In  the  unopened  state  of  the  joint,  therefore,  the  weight  of  the  limb 
is  entirely  borne  by  atmospheric  pressure,  so  that  both  ligaments 
and  muscles,  the  latter  especially,  are  relieved  in  a  corresponding 
manner.  The  same  fact  may  be  shewn  with  regard  to  the  shoulder, 
and  other  joints,  in  a  greater  or  less  degree,  though  the  illustration 
is,  for  obvious  reasons,  most  easy  in  the  hip  and  shoulder.  The 
advantages  of  this  construction,  and  the  facilities  it  affords  for  easy 
movement  by  leaving  all  the  muscles  free  to  act  upon  the  joint, 
need  no  demonstration.  We  have  only  to  remember  that  this 
power  is  in  continual  operation  to  appreciate  the  amount  of  animal 
force  which  is  economized  by  it. 

Bones  not  held  While  upou  this  subjcct,  I  may  remark  that  there  is 
together  by  the  [^  ^hc  bodv  uo  single  example  of  a  moveable  ioint  in 

shape  of  their  .  ,  . 

articular  wliich  the  shapc  of  the  bones  is,  of  itself,  such  as  to  pre- 

vent their  separation  from  one  another.  They  all  fall 
asunder  when  the  soft  parts  are  cut  or  macerated  away.  In  none 
of  the  ball  and  socket  joints,  for  instance,  does  the  cup  form  so 
much  as  a  half  circle.  The  acetabulum,  which  is  the  nearest 
approach  to  it,  falls  short  of  it  by  some  degrees,  and  cannot,  there- 
fore, without  assistance,  retain  the  head  of  the  femur  in  its  cavity. 
Neither  in  any  of  the  hinge-joints  is  there  an  example  of  what 
is  called  by  mechanicians  "a  centre-pin  and  angel,"  so  complete 
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that  the  hitter  embraces  the  former  sufficiently  to  hokl  it  in 
phice. 

nor  movements  ^^^®  ^^7  8'*^  fm'tlier  than  this  and  assert,  that  there  is 
stopped.  j-^Q^  r^y^j  instance  in  which  the  movements  of  a  joint  are 

stopped  or  limited  by  the  shape  of  the  bones,  that  is,  by  the  edges 
of  the  bones  coming  in  contact.  If  the  several  joints  be  examined 
in  the  recent  state  with  reference  to  this  point,  it  will  be  found  in 
each  that  either  the  tension  of  the  ligaments,  or  the  compression  of 
the  soft  parts,  arrests  the  movements  before  the  margins  of  the  bones 
touch  one  another.  Take  the  elbow-joint  for  example.  In  flexion 
and  extension  the  coronoid  process  and  the  olecranon  enter  their 
respective  fossa3  on  the  anterior  and  posterior  sides  of  the  humerus; 
but  they  are  not  permitted  to  go  quite  to  the  bottom  of  those 
fossae.  Just  before  the  point  at  which  this  would  happen,  the  move- 
ment in  each  direction  is  limited  by  the  ligaments  and  the  other 
soft  parts.  The  effect  of  this  arrangement  is  to  prevent  any  sud- 
den janing  limitation  of  the  range  of  movement  of  the  several 
joints.  So  that  although  the  muscles  fail  to  perform  the  restrictive 
duties  assigned  to  them,  still  the  movement  of  each  joint  in  any 
particular  direction  is  not  brought  to  a  sudden  stop  by  the  contact 
of  the  edges  of  the  bones,  which  would  be  likely  to  cause  frequent 
damage  to  the  articular  surfaces;  but  the  check,  instituted  in  the 
soft  parts,  is  brought  to  bear  gi-adually,  and  the  result  is  thus 
attained  with  safety.  • 

obUquityof  ^^  ^^^^  bccu  Said  that  nature  abhors  a  vacuum.     It 

movements.  jjjg^y  ]^q  gg^j^  with  cqual  truth  that,  in  the  construction  of 
the  skeleton,  she  has  shewn  her  abhon-ence  of  a  straight  line.  Not 
only  are  the  bones  cmwed  and  twisted,  each  in  more  than  one  direc- 
tion ;  but  the  joints  are  so  made  that  the  movements  of  the  limbs  on 
the  two  sides  of  the  body  are  rarely  in  parallel  planes.  They  are  com- 
monly a  little  oblique  with  regard  to  one  another.  Thus  each  fore- 
arm moves  in  a  plane  oblique  with  regard  to  that  of  the  other  fore- 
arm, and  oblique  also  with  regard  to  the  arm;  and  the  same  thing 
may  be  said  of  the  leg,  and  of  the  other  segments  of  the  two  mem- 
bers. An  easy  graceful  style  is  thus  communicated  to  the  move- 
ments, and  awkwardness  of  gait  is  prevented.  (This  has  been 
before  alluded  to,  page  12.) 
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The  articular  ends  of  the  bones,  expanded  for  the 

Articular  ends.  „      .    . 

pm-pose  of  giving  security  to  the  joints  and  leverage  to 
the  muscles  inserted  into  them,  are  cancellous  in  their  interior,  the 
larger  plates  and  fibres  of  the  cancellated  structure  being  arranged 
perpendicularly  with  regard  to  the  surface  of  the  joint  so  as  to 
support  it  in  the  most  effectual  manner.  Near  to  the  surface  this 
arrangement  is  lost.  The  bone  is  there  more  dense,  the  walls  of  the 
cancelli  being  much  thicker  and  coarser  and  the  interspaces  between 
them  much  smaller.  Still  it  does  not  usually  present  the  same 
dense  smooth  structm-e  as  the  exterior  of  the  shafts.  Close  to 
the  articular  cartilage  is  said  to  be  a  thin  layer  of  incompletely- 
formed  bone-substance,  containing  elongated  corpuscles  without 
canaliculi,  without  haversian  canals  and  without  cancellated  excava- 
tions ;  the  animal  basis  presenting  a  nearer  resemblance  to  foetal 
cartilage  than  does  that  of  true  bone  (page  2).  This  "articular 
bone"  can  have,  therefore,  no  vessels ;  and  it  constitutes  an  imper- 
fectly ossified  stratum — a  sort  of  intermediate  structure — between 
the  true  bone  of  the  epiphysis  on  the  one  side  and  the  articu- 
lar cartilage,  which  shows  no  capacity  for  ossification  at  all,  on 
the  other.  Nevertheless,  in  diseased  states,  it  is  often  penetrated 
by  vessels  passing  to  the  cartilage  and  to  the  soft  vascular  granula- 
tion-like substance  which  forms  between  the  cartilage  and  the 
bone.  In  certain  rheumatic  and  other  morbid  conditions,  when  the 
cartilaginous  covering  has  been  removed,  this  articular  bone  be- 
comes rubbed  down  by  the  friction  incurred  during  the  move- 
ments of  the  joint,  and  acquires  a  density  and  polish  that  reminds 
us  of  porcelain. 

Articular  car-  Articular  Cartilage  is  a  material  admirably  adapted 

tiiage.  ^Q  [^g  purpose;  so  smooth,  that,  when  it  is  lubricated  by 

synovia,  the  friction  between  the  surfaces  is  reduced  to  a  minimum 
quantity  not  worthy  of  being  taken  in  computation ;  so  elastic,  that 
it  prevents  any  jarring  of  the  bones  upon  one  another;  and  so  far 
devoid  of  sensation,  that  the  movements  of  the  joints,  during  which 
the  cartilages  are  subjected  to  a  good  deal  of  pressure  by  the  con- 
traction of  the  muscles  and  the  tension  of  the  ligaments,  take  place 
without  any  pain.  Its  elasticity  is  increased  by  the  arrangement 
of  its  components  in  fibres,  or  in  such  a  manner  as  to  present  a 
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fibrous  appearance,  the  fibres  being  perpendicular  to  the  surface  of 
the  bone  on  which  they  rest.  Its  insensibility,  due  to  the  absence 
of  nerves  in  its  substance,  is  not  so  complete  as  to  prevent  its  giving 
warning  when  a  foreign  body,  as  a  loose  cartilage,  is  in  the  way,  or 
when  it  is  affected  with  ulceration.  The  severe  starting  pains 
waking  up  the  patient  as  he  drops  to  sleep,  so  characteristic  of 
ulceration  of  the  cartilages,  may  depend  in  part  on  the  compression 
of  that  soft  granulation-like  substance  which  commonly  forms  in 
these  cases  between  the  cartilage  and  the  bones,  but  it  would  seem 
to  depend  in  part  also  upon  the  sensation  excited  in  the  cartilage 
itself.     (See  remarks  on  nerves  in  bone,  p.  29.) 

It  is  worthy  of  remark  in  a  practical  point  of  view  how  quickly 
the  muscles  that  act  upon  the  joint  fall  away,  when  disease  attacks 
its  cartilages.  A  year  of  simple  synovial  disease  will  not  produce 
so  much  effect  upon  the  adjacent  muscles  as  a  month  or  even  a 
week  of  ulceration  of  the  cartilages.  Hence  this  wasting  of  the 
muscles  becomes  a  symptom  of  great  importance  in  assisting  us  to 
arrive  at  a  diagnosis  as  to  which  of  these  two  structures  is  in- 
volved, as  well  as  in  enabling  us  to  decide  whether  disease,  which 
commenced  in  the  synovial  membrane,  has  extended  to  the  car- 
tilages. 

It  is  only  in  certain  morbid  conditions  that  vessels  have  been 
traced  in  the  articular  cartilages,  and  reparation  after  any  loss  of 
their  substance  is  only  effected  through  the  medium  of  comiective 
tissue,  true  cartilage  never  being  reproduced.  Cartilage  is  capa- 
ble, however,  of  being  the  seat  of  certain  morbid  j^rocesses  by 
which  its  tissue  may  become  loosened  into  a  sort  of  filament- 
ous or  fibrous  condition,  or  it  may  be  destroyed  by  ulceration 
and  absorption,  commencing  upon  either  the  free  or  the  attached 
surface;  and  adhesions,  by  means  of  connective,  areolar,  or  fibrous 
tissue,  are  not  imcommonly  established  between  the  opposite  carti- 
laginous sm-faces  of  joints  where  disease  has  long  existed. 

The  cartilages  are  thickest  where  they  have  to  bear  the  greatest 
pressure;  that  is,  commonly,  about  the  middle  of  the  articular 
surface.  They  decrease  in  thickness  towards  their  edges,  and  ter- 
minate abruptly,  extending  upon  the  bones  no  further  than  their 
friction  upon  one  another,   or   upon   the  adjacent  ligaments    and 
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tendons  requires.  Near  their  circumference  they  are  covered  by 
synovial  membrane,  which  extends  a  little  way  upon  them.  In 
the  rest  of  their  extent  the  surface  of  the  cartilages  is  uncovered 
and  is  moistened  with  synovial  fluid;  in  tlie  foetal  state  it  is 
covered  by  delicate  scales  of  epithelium.  These,  however,  soon 
disappear. 

Except  in  situations  where  the  cartilages  are  naked 

Synovial  mem-  -^  _  _  ^ 

branes.  Their  and  cxposcd  in  the  manner  just  described,  the  surfaces 
of  the  joints  are  lined  by  synovial  membranes,  which,  in 
the  natural  state,  are  very  thin,  yet,  in  certain  morbid  states  of 
common  occurrence,  acquire  great  thickness.  They  cover  the  edges 
of  the  cartilages  and  extend  beyond  them  upon  the  adjacent  bones. 
They  are  vascular,  and  are  particularly  so  near  the  margins  of 
the  cartilages,  where,  in  some  places,  they  form  delicate  folds  lying 
flat  upon  the  edge  of  the  cartilage.  These  folds,  containing  looped 
vessels,  somewhat  resemble  the  choroid  plexuses  of  the  cerebral 
ventricles  in  their  structure,  as  well  probably  as  in  the  func- 
tion of  regulating  the  amount  of  fluid  in  the  joints.  They  are 
furnished  with  little  processes,  like  villi,  which  contain  a  small 
quantity  of  fat  and  occasionally  one  or  two  cartilage  cells.  These 
processes  are  often  seen  enlarged  in  joints,  particularly  in  shoulder- 
joints,  which  have  been  the  subject  of  chronic,  perhaps  rheumatic, 
inflammation,  or  inflammation  consequent  on  an  injury.  They 
then  form  polypous  bodies,  overhanging  the  cartilages,  and  may 
exist  in  considerable  numbers  and  attain  a  considerable  size. 
This  change  is  generally  associated  with  a  gradual  thinning  and 
removal  of  the  cartilages  of  the  joint.  The  formation  of  loose 
cartilages  in  the  joints  has  been  attributed  to  a  hypertrophied  state 
of  the  cartilaginous  element  of  these  processes.  If  that  be  the  true 
mode  of  formation  of  these  bodies,  and  it  is  highly  probable  that 
it  is  so  in  some  cases,  it  is  remarkable  that  they  should  be  so 
generally  single,  and  that  there  should  so  rarely  be  a  recurrence 
when  one  has  been  removed^. 


^  A  remarkable  instance  in  which  the  pointed  end  of  a  needle  was  found  in  a 
"pendulous  osseo-cartilaginous  body  excised  from  the  knee-joint"  of  a  young  woman 
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Liability  to  Being  tlie  most  vascular  as  well  as  the  most  exten- 

disease.  sivcly  disposcd  of  all  the  articular  structures,  the  synovial 

membranes  are  much  more  frequently  the  seat  of  disease  than  either 
of  the  others.  In  the  ordinary  cases  of  disease  of  a  joint,  whether  it 
be  scrofidous  or  not,  the  inflammation  begins  in  the  synovial  mem- 
brane. It  may  remain  long  confined  to  that  membrane,  or  it  may 
spread  from  it  to  the  cartilages  and  bones.  Even  after  a  sprain, 
it  seems  to  suffer  more  than  the  ligaments,  the  immediate  as  well 
as  the  subsequent  effects  of  the  injmy  being  evinced  chiefly  in  the 
synovial  membrane. 

Tiieir  fatty  Appended  to  the  synovial  membranes  and  situated 

appendages.  ^^^  their  extcrior  are,  in  many  joints,  masses  of  soft 
fat.  These  were  formerly  thought  to  be  glands  which  secreted 
the  synovial  fluid.  Such  a  notion  has  been  disproved  by  the 
fact  that  they  are  found  on  microscopical  examination  to  consist 
simply  of  fat.  Their  office  is  to  fill  up  the  spaces  between  the 
bones,  and  between  the  bones  and  ligaments,  in  the  movements 
of  the  joints ;  for  which  purpose  they  usually  project  more  or  less 
into  the  articular  cavity,  carrying  the  synovial  membrane  before 
them,  at  the  intervals  between  the  bones  (see  representations  of 
elbow,  ankle,  and  other  joints).  They  are  of  large  size  on  the 
fore  part  of  the  knee,  may  be  found  of  greater  or  less  size  in  most 
joints,  and  e\^dently  perform  an  important  office  in  facilitating 
the  movements  of  the  joints.  The  one  which,  from  its  conspicuous 
appearance,  has  attracted  most  attention  is  that  at  the  bottom 
of  the  acetabulum.  It  serves  a  somewhat  different  purpose  from 
the  same  structure  in  other  joints,  that,  namely,  of  j^ermitting  the 
play  of  the  ligamentum  teres  and  the  slightly  prominent  extre- 
mity of  the  head  of  the  femur.     It  is  obvious  that  were  there  not 


is  related  in  the  Trans,  of  the  Path.  Soc.  vi.  328.  The  foreign  body  must  have  been 
the  exciting  cause  of  the  growth,  and  it  is  a  unique  case  of  the  kind.  Both  the  carti- 
lage and  the  osseous  nucleus  presented  the  normal  characters  of  those  tissues  under 
the  microscope.  In  a  case  where  several  bodies  of  the  like  kind  hung  into  a  knee-joint 
which  was  greatly  altered  by  chronic  rheumatic  disease,  I  found  the  qicasi  "  cartilage" 
in  them  to  be  composed  only  of  compact  fibrous  structure,  and  the  "bone"  of  con- 
.creted  carbonate  of  lime. 
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some  provision  of  that  kind  the  ligament  would  be  squeezed  be- 
tween the  articular  surfaces  during  the  movements  of  the  joint. 
These  fatty  arppendages,  like  the  folds  just  mentioned,  are  highly 
vascular,  and  it  is  probable  that  inflammatory  affections  of  the 
synovial  membrane  not  uncommonly  begin  and  are  most  obstinately 
maintained  in  or  near  one  or  other  of  them. 

In  addition  to  these  fattv  appendages  to  the  svnovial 

Fat  round  J       ir  ^  ^  J 

the  articular  membrane  there  are  other  accumulations  of  fat  about 
the  joints,  lying  upon  the  hollows  or  depressions  of  the 
bones  in  the  immediate  neighbourhood  of  the  articular  surfaces.  It 
very  commonly  happens  that  the  articular  sm*face,  especially  that 
forming  the  convex  head  of  a  bone,  about  which  a  more  or  less 
concave  socket  plays,  is  extended,  or  spread  out,  for  the  purpose  of 
increasing  the  security  and  range  of  movement  of  the  joint,  and 
projects  beyond  the  adjacent  surface  of  the  extremity  of  the  bone. 
Under  these  circumstances,  the  depression,  or  obtuse  retiring 
angle,  so  formed  around  the  edge,  is  filled  up  by  fat.  Thus  a  layer 
of  fat  lies  upon  the  fore  part  of  the  lower  end  of  the  femur  behind 
the  edges  of  the  articular  surfaces  of  the  condyles.  In  some  dis- 
eased states,  which  have  prevented  the  free  movements  of  the 
joint,  this  layer  acquires  considerable  thickness.  Similar  accumu- 
lations of  fat  may  be  found  about  the  head  of  the  femur,  the  heads 
of  the  metacarpal  bones,  especially  on  their  palmar  sides,  and  in 
many  other  parts.  In  some  instances,  as  on  the  upper  surface  of 
the  neck  of  the  astragalus,  they  form  soft  cushions  for  the  reception 
of  the  edge  of  the  contiguous  bone  in  certain  positions  of  the  joints. 
When  the  foot,  for  instance,  is  bent  up  towards  the  leg,  the  an- 
terior edge  of  the  articular  surface  of  the  tibia  is  received  and 
suj)ported  by  this  fatty  cushion  upon  the  astragalus. 

The  joints  are  formed  very  early  in  foetal  life,  the  synovial 
cavities  being  distinct  as  soon  as  the  limbs  are  sufficiently  formed 
for  movement  of  one  part  to  take  place  upon  another.  They 
were  quite  distinct  in  the  hip  and  shoulder  in  a  foetus  under 
three  months  which  I  examined,  and  they  may  probably  be  found 
at  an  earlier  period.  It  is  very  seldom  that  the  development  of 
a  joint  fails  entirely.     Even  malformations  are  not  very  common. 
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A  few  instances  are  recorded  where  the  bones  were  found  congeni- 
tally  imited — the  calcaneum  andcuhoid;  the  calcanemn  and  sca- 
phoid; the  hiunerus  and  radius ^  These  anomalies  have  no  espe- 
cial relation  to  the  ordinary  mode  of  development  of  the  parts 
in  man,  or  to  their  natural  condition  in  other  animals.  The  case 
occasionally  quoted  fi'om  the  Histoire  de  VAcademie  des  Sciences, 
1716,  as  one  of  congenital  miion  of  the  hones,  is  not  detailed  with 
sufficient  minuteness  to  enable  us  to  form  an  opinion  of  its  real 
natm-e. 

f^]^^^„  The  movements  of  these  synovial  joints  vary  a  good 

arthrodiai  deal.  In  the  most  simple,  the  surfaces  are  nearly  flat, 
and  merely  glide  a  little  upon  one  another,  remaining 
in  the  same  plane,  or  nearly  so.  Such  are  the  joints  between 
the  arches  of  the  vertebrae,  and  some  of  the  joints  of  the  foot  and 
hand. 

Secondly;  one  bone  may   revolve   upon   the  other, 

Hinge-joints.  .  .  .  . 

the  articular  surfaces  being  adapted  to  the  direction  and 
extent  of  the  movement  required.  When  the  movement  takes  place 
in  only  one  direction,  there  being  only  one  axis  of  motion,  as  in  the 
elbow,  it  is  called  a  hinge-joint.  Such  a  joint  is  usually  furnished 
with  lateral  ligaments  which  are  connected  with  one  of  the 
bones  about  the  ends  of  the  imaginary  axial  line  round  which  the 
other  revolves.  Thus  the  axial  line  of  the  motion  of  the  radius  and 
ulna  at  the  elbow  passes  through  the  lower  end  of  the  humerus, 
from  the  point  of  attachment  of  one  lateral  ligament  to  that  of  the 
other,  or  thereabouts;  and  the  ligaments  are,  consequently,  about 
equally  tight  in  all  positions  of  the  joint. 

BaJi-and-  When  the  movement  takes  place  in  many  directions, 

socket-joints.  ^^-^^  there  are,  consequently,  many  axes  of  motion,  it  is 
called  a  ball-and-socket-joint.  Such  joints  are  usually  provided 
with  circular  ligaments,  like  muffs,  embracing  the  edges  of  the 
opposed  articular  sm-faces.  Unlike  the  lateral  ligaments,  these 
capsular  ligaments  vary  in  their  degi-ee  of  tension  according  to  the 
position  of  the  joints.    When  the  latter  are  in  a  position  of  ease. 


1  I  found  one  specimen  of  congenital  union  of  the  humerus,  radiu.s  and  ulna  in  the 
Mus^e  Dupuytren. 
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the  ligaments  are  relaxed  in  tlieir  whole  circumference;  and  it  is 
only  in  some  forced  posture  that  any  part  of  them  becomes  quite 
tight.  They  may  be  so  arranged  that  a  great  number  of  their 
fibres  are  'rendered  tense  by  certain  postures  of  the  joint,  as  is  the 
case  with  the  capsule  of  the  hip.  It  is  tightened  in  almost  every 
part  when  the  thigh  is  extended  upon  the  pelvis;  but  if  the  limb 
be  bent  a  little,  the  ligament  is  relaxed.  Some  joints  present 
combinations  of  the  hinge  and  the  ball-and-socket  conformation ; 
the  joint,  for  instance,  of  the  thumb  with  the  carpus.  When  a 
bone  rotates  upon  its  own  axis,  or,  what  comes  to  the  same  thing, 
when  one  bone  revolves  round  the  axis  of  another  bone,  it  may 
be  called  a  rotatory  joint.  Such  are  the  movements  of  the  upper 
end  of  the  radius  upon  the  ulna,  and  of  the  atlas  upon  the  tooth- 
like process  of  the  second  vertebra. 

Occasionally  the  sliding  is  combined  with  the  hinge- 

Combination        ■,•^  ,,!,•,  ,i  •  c  ,• 

of  sliding  l^ke  movement,  that  is  to  say,  tlie  axis  oi  motion  is 
and  Mage-        altered,  describins;  a  curve  durinsr  the  movement;  as  in 

joints.  '  o  o  ' 

the  temporo-maxillary  and  the  knee-joints.  In  each  of 
these  instances  an  interarticular  fibro-cartilage  is  inserted  between 
the  bones,  which  serves  a  double  purpose.  In  the  Jirst  place  it 
lessens  the  amount  of  friction  between  the  two  bones,  which,  in 
consequence  of  this  combination  of  the  sliding  with  the  revolving 
movement,  would  be  more  than  what  ordinarily  takes  place  be- 
tween articular  surfaces.  It  does  this  in  consequence  of  the  parts 
being  so  arranged  that  the  one  movement — the  hinge-like  move- 
ment— takes  place,  in  great  part  at  least,  between  the  interarticular 
cartilage  and  the  one  bone;  while  the  other,  or  sliding  movement,  is 
chiefly  effected  between  the  interarticular  cartilage  and  the  other 
bone.  Thus  in  the  case  of  the  temporo-maxillary  joint,  the 
hinge-like  movement — the  opening  and  shutting  the  mouth — takes 
place,  chiefly,  between  the  condyle  of  the  jaw  and  the  fibro-carti- 
lage; whereas,  the  sliding  movement — the  advancing  and  with- 
drawing of  the  teeth — is  conducted,  in  great  measure,  between  the 
fibro-cartilage  and  the  glenoid  cavity.  In  the  seco7id  place,  the 
fibro-cartilage,  being  flexible  and  being  more  closely  connected 
with  one  of  the  bones,  follows  it  in  its  movements,  and  adapts  its 
surface  to  the  shape  of  the  articulating  surface  of  the  other  bone, 
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which  varies  in  different  parts  of  its  extent.  Thus,  to  revert 
to  the  temporo-maxiHary  joint  for  illustration,  the  condyle  of 
the  lower  jaw  is  eiiabled  at  one  time  to  rest  upon  the  convex 
glenoid  ridge,  and  at  another  in  the  concave  glenoid  cavity, 
by  the  aid  of  the  interposed  fibro-cartilage.  The  interarticular 
fibro-cartilage  of  the  stcrno-clavicular  joint  does  not  quite  cor- 
respond with  those  of  the  knee  and  jaw,  being  rather  a  ligament 
of  retention,  passing  from  one  bone  to  the  other,  firmly  connected 
with  both,  and  forming  a  very  poAverful  bond  of  union  between 
them. 

In  some  instances,  where  a  variety  of  movements 

Combination 

of  two  or  are  required  to  be  associated  with  great  strength,  the 

more  joints.  ,   .  .        ,  ,  ,  .         .  ^    , 

end  IS  attained,  not  by  a  combination  ot  the  movements 
in  one  joint,  but  by  a  double  joint,  or  rather  by  the  employment 
in  juxtaposition  of  two  or  more  joints,  the  bones  of  which  play  in 
different  directions  upon  one  another.  Thus,  the  movements  of  the 
head  upon  the  neck  are  distributed  between  the  occiput  and  the 
atlas,  and  between  the  atlas  and  the  dentata ;  the  nodding  powxr 
being  derived  fr-om  the  joint  between  the  two  former,  the  rotatory 
action  chiefly  fr*om  the  joint  between  the  two  latter.  The  same 
may  be  noted  of  the  movements  between  the  foot  and  leg;  flexion 
and  extension  taking  place  at  the  ankle,  and  rotation  at  the  joint 
of  the  astragalus  with  the  os  calcis,  and  of  the  latter  with  the  sca- 
phoid bone.  Occasionally  also  two  or  more  joints  combine  to  effect 
the  same  movement,  as  in  the  case  of  the  wrist,  where  flexion  and 
extension  are  eff"ected  partly  by  the  rolling  of  the  carpal-bones 
upon  the  radius,  and  partly  by  the  rolling  of  one  row  of  carpal- 
bones  upon  the  other.  This  arrangement  also  is  for  the  purpose  of 
combining  freedom  of  movement  with  strength;  for  it  will  be  found 
as  a  general  rule  that,  wherever  the  movement  between  any  two 
bones  is  free,  the  joint  is  proportionately  weak.  The  shoulder  and 
elbow  are  examples  of  this.  In  the  knee,  which  forms  an  exception 
to  the  rule,  compensation  is  affbrded  by  the  great  extent  of  the 
articular  sm-faces,  by  the  strength  of  the  ligaments,  and  by  the  num- 
ber of  powerftil  muscles  and  closely  attached  tendons  and  fasciae 
that  invest  it.  An  illustration  of  the  combination  of  two  joints  of 
different  kinds  to  effect,  or  rather  to  give  security  to  one  movement, 

6—2 
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is  afforded  bj  the  articulation  of  the  first  vertebra  with  the  second. 
The  lateral  joints  between  these  two  vertebrae  are  arthrodial,  and 
serve  to  support  the  atlas  and  steady  it  in  the  revolving  movement 
that  takes  place  in  the  median  line  around  the  odontoid  process, 
which,  surrounded  by  the  arch  of  the  atlas  and  the  transverse 
ligament,  stands  to  them  in  the  relation  of  the  "  centre-pin"  to 
the  "angel"  of  a  hinge-joint. 
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That  in  the  human  frame,  no  less  than  in  the  most  regular 
constructions  of  architecture,  certain  definite  proportions  are  ob- 
sers'ed  between  the  several  component  parts  does  not  admit  of  a 
doubt,  and  scarcely  needs  to  be  asserted.  Those  proportions  in  the 
well-developed  frame  are  consonant  with  our  ideas  of  beauty,  and 
the  eye  of  every  one  is  more  or  less  cognisant  of  a  certain  law 
of  proportions,  to  which  it  behoves  the  artist  to  pay  scrupulous 
attention  if  he  desires  success.  To  give  pleasm'e  by  his  repre- 
sentations of  the  human  frame  he  must  aim  first  at  truthfulness  in 
proportions,  and  secondly  at  accuracy  of  detail  and  exquisiteness 
of  touch,  for  even  the  untutored  eye  will  be  sure  to  discover  an  error 
in  the  former,  though  it  may  fail  to  discriminate  with  respect  to  the 
latter.  Hence  the  proportions  of  the  human  figure  have  formed  a 
subject  of  study  from  very  early  times.  The  Egyptians  (the 
Assyrians  doubtless  also)  and  the  Greeks  had  their  respective  rules 
by  which  they  were  guided  in  the  formation  of  their  statues.  Both 
the  former  and  the  latter  took  the  foot  as  their  standard,  and 
regulated  the  length  of  the  figure  accordingly.  The  former,  by 
dividing  the  body  into  six  feet,  gave  an  appearance  of  heaviness 
to  their  figures,  which  might  accord  well  with  the  general  character 
of  their  architectm-e ;  but  which  made  them  certainly  less  graceful 


^  Read  before  the  Cambridge  PhilosopWcal  Society  in  April,  1857, 
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and  less  consonant  with  our  ideas  of  beauty  than  the  statues  of 
the  Greeks,  whose  better  taste  and  more  accurate  measurement  led 
them  to  adopt  a  lighter  style  both  in  architecture  and  statuary, 
and  who  gave  as  a  rule  seven  feet  for  the  length  of  the  figure. 
The  great  artists  of  more  modern  times  are  said  by  those  who  have 
investigated  the  matter  to  have  been  careful  to  follow  this  rule ; 
making,  at  the  same  time,  the  head  an  eighth  and  the  face  a  tenth 
of  the  figure,  giving  to  the  lower  extremities  one  half  of  the  length 
of  the  body,  and  making  the  measm*ement  of  the  extended  arms 
equal  to  that  of  the  height  from  the  sole  to  the  crown.  If  they 
have  detracted  at  all  from  the  length  of  the  figure,  it  has  been  sure, 
to  give  a  heaviness  to  their  productions.  This,  remarks  Camper\ 
is  exemplified  by  a  comparison  of  the  pictures  of  Watteau  with 
those  of  E-ubens.  The  figm-es  of  the  former,  having  eight  heads 
instead  of  seven,  are  more  graceful  than  those  of  the  latter,  not- 
withstanding the  wonderful  power  of  execution  and  colouring  ex- 
hibited by  that  great  master.  A  consciousness  of  the  bad  effect  of 
this  error  has  induced  some  to  exaggerate  a  little  in  length,  which 
is  certainly  less  displeasing.  Thus  the  Pythian  Apollo  has  a 
length  of  eight  heads  and  a  half;  and  in  some  of  Michael  Angelo's 
figures  the  size  is  equal  to  nine,  ten,  nay  twelve  heads,  in  order 
to  commmiicate  more  grace  to  a  stooping  attitude. 

In  like  manner  the  height  of  the  columns  in  the  various  styles 
of  architecture,  and  the  dimensions  of  their  capitals,  were  regulated 
in  certain  definite  proportions  to  the  diameter  of  the  several 
columns.  The  radius  of  the  base  was  usually  taken  as  the  stand- 
ard of  measm-ement  and  called  the  "module."  Thus  the  Tuscan 
column  measm-ed  16  modules,  the  Ionic  18,  and  the  Corinthian  20. 
Gradually  as  the  science  of  architectm-e  made  progress,  the  columns 
were  rendered  lighter  and  more  graceful ;  and  it  is  interesting  to 
observe  that  the  several  parts  were  elongated  mitil  the  column, 
with  its  capital  and  base,  acquired  nearly  the  proportions  of  the 
human  frame.  Considering  the  capital  as  in  the  place  of  the  head, 
the  whole  length  of  a  Corinthian  pillar  is  8^  heads. 


1  On  the  Connexion  hettveen  the  science  of  Anatomy  and  the  Arts  of  Drawing,  Paint- 
ing, Statuary,  &c.     Translated  from  the  Dutch  by  T.  Cogan,  M.D.  1794. 
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With  tlie  view  of  obtainina;  a  more  satisfactory  and 

The "  module"         .         .  ,  .     . 

proposed  by  Scientific  "module"  or  standard  for  determining  the 
proportions  of  the  human  figure  than  has  heretofore  been 
adopted,  C.  G.  Carus^  selects  the  spinal  column  as  being  at 
once  the  most  important,  the  earliest  formed,  and  the  least  varying 
part  of  the  body ;  and,  dividing  it  into  three,  takes  one  of  these 
portions  as  the  module  of  the  whole  skeleton.  His  investigations, 
conducted  with  all  the  assiduity  and  accuracy  which  characterize  the 
German  anatomists,  appear  to  justify  the  selection,  for  he  found  the 
various  parts  of  the  frame  to  correspond  in  a  remarkable  manner 
with  this  standard.  Thus  the  length  of  the  skull,  from  the  fore- 
head to  the  occiput,  equals  one  "  module,"  or  a  third  part  of  the 
length  of  the  spine.  The  height  from  the  vertex  to  the  lower  margin 
of  the  upper  jaw  is  the  same.  The  circumference  of  the  skull  is 
three  modules,  or  the  whole  length  of  the  spine.  The  length  of  the 
breast-bone  and  of  the  shoulder-blade  is  in  each  case  one  module. 
The  width  of  the  chest  from  the  extremity  of  one  clavicle  to  that  of 
the  other  is  two  modules.  In  the  pelvis  each  of  the  measurements 
from  the  highest  point  of  the  ilium  to  the  symphysis  pubis,  from 
the  anterior  superior  spine  to  the  tuber  ischii,  and  from  one  anterior 
inferior  spine  to  the  other,  corresponds  with  one  module.  The 
arm  and  fore-arm  give  three  modules  and  the  hand  one.  The 
thigh-bone  gives  two  and  a  half;  the  tibia  two,  and  the  foot, 
from  the  ankle  to  the  tip  of  the  toes,  one.  The  height  of  the 
whole  body  is  9^  modules.  The  module  measm-es  18  centimeters, 
or  rather  more  than  7  inches,  making  the  entire  figure  5  feet  Cl- 
inches, or  5  feet  7. 

These  are  the  ideal  proportions  of  the  well-developed  European, 
deduced  from  the  measm-ements  of  numerous  skeletons.  They  repre- 
sent the  mean  between  the  male  and  female,  and  are  stated  by  Cams 
to  be  generally  true,  though  not  applicable  with  mathematical 
accuracy  to  any  one  person ;  slight  deviations  from  the  standard 
being  essential  to  the  endless  varieties  of  individual  form.  The 
measm-ements  which  I  have  myself  made  for  the  pm'pose  of  testing 


1  Die  Proportionslehre  der  mmschlichen  Gestalt.     Leipzig,  1854.     See  table  reduced 
from  this  work  at  page  112. 
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the  value  of  tliis  means  of  determining  the  scale  of  the  proportions 
of  the  figure,  tliough  in  a  general  manner  confirmative  of  the  results 
obtained  hy  Carus,  have  proved  that  the  exceptions  to  the  rules 
laid  down  by  him  are  very  numerous. 

Sufficient,  however,  has  been  said  to  give  a  general  idea  of  the 
proportions  of  the  body.  Further  information  may  be  quickly 
obtained  by  reference  to  the  tables  at  p.  106,  and  will  be  culled 
as  we  pass  along  in  the  more  interesting  task  of  instituting  various 
comparisons,  to  which  we  now  proceed. 

Comparison  of  First,  let  US  briefly  compare  the  human  figure^,  in 

tuTumt^r  ^^^  proportions,  with  that  of  some  of  the  lower  animals, 
lower  animals,  particularly  the  animals  which  present  the  nearest  re- 
semblance to  man.  To  avoid  prolixity  I  will  allude  only  to  some 
of  the  more  prominent  and  important  differences  between  them; 
such  as  the  eye  will  quickly  detect  in  examining  the  respective 
skeletons,  or  such  as  are  indicated  by  the  accompanying  tables. 
Size  of  brain-  ^^  making  this  comparison,   the  first  thing  which 

'^^^'^'  strikes  us  is,  the  great  proportionate  size  of  the  human 

brain-case,  an  indication  not  merely  of  the  superior  intellectual 
capacity  of  man,  but  also  of  the  greater  predominance  and  control 
of  the  mental  or  volitional  over  the  vegetative  and  physical  parts 
of  his  system.  I  make  the  latter  remark,  because  in  dwelling  so 
much  on  the  offices  of  the  brain  as  an  organ  of  the  mind,  we  are 
sometimes  apt  to  under-estimate  its  importance  as  an  organ  of  the 
body,  to  forget  that  it  is  the  intervening  link  between  the  mind  and 
the  body,  and  that  it  has,  therefore,  its  relations  to  both. 

The  next  peculiaritv  which  attracts  attention,  is  the 

of  face 

small  comparative  size,  and  the  suppression  or  thrusting 
back,  of  the  face  and  jaws,  so  that  they  are  situate  beneath  the 
cranium  instead  of  being  protruded  in  front  of  it.  This  has  relation, 
first,  to  the  fact,  that  the  mouth  is  no  longer  an  organ  of  prehension. 
The  hands  are  free  to  do  this  work,  and  the  office  of  the  mouth  is 
altogether  subservient  to  the  digestive  system  and  the  voice. 
Secondly,  this  thrusting  back  of  the  mouth  makes  the  opening  of 
the  orbits  more  vertical,  and  gives  to  the  eye  a  more  complete  com- 
mand over  the  frame,  particularly  over  the  lower  extremities.  In 
most  of  the  inferior  animals  these  limbs  are  not  much  imder  the 
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guidance  of  tlie  eye.  The  liind-feet  follow  tlie  front  and  need  no 
especial  direction.  Whereas  in  man,  each  movement  of  the  legs, 
as  well  as  of  the  arms,  is  regulated  by  sight. 

Another  peculiarity  in  the  human  frame  is,  the  great 

of  extremities.  .  ,  .   , 

proportionate  size  of  the  lower  extremities.  The  length 
of  these  regulates  very  much  the  middle  point  of  the  body,  which 
in  man,  is  at  or  near  the  symphysis  pubis.  In  the  most  nearly 
allied  animals  the  lower  extremities  are  much  shorter  and,  accord- 
ingly, the  middle  point  of  the  body  is  higher.  In  the  Chimpanzee 
I  found  it  to  be  3,  in  the  Orang  3^,  and  in  the  Gorilla  4  inches 
above  the  symphysis^.  Thus  an  ample  development  of  leg,  no 
less  than  of  brain-case,  is  one  of  the  attributes  of  man,  and  it  is 
no  empty  vanity  which  leads  him  to  be  proud  of  the  former  as  well 
as  of  the  latter.  A  still  more  marked  peculiarity,  though  of  an 
opposite  kind,  is  observable  in  the  upper  extremities  of  man,  as 
compared  with  the  fore-limbs  of  these  animals.  They  are  not  only 
relatively  but  actually  much  shorter,  although  the  whole  human 
figure  is  considerably  higher.  The  reason  of  this  obviously  is,  that 
the  human  arm  is  used,  not  as  an  agent  in  progression,  but  as  a 
minister  to  the  various  requirements  of  an  intelligent  will,  for 
which,  its  higher  pm-pose,  it  is  better  fitted  by  a  shortening  of 
its  component  parts,  whereby  it  is  brought  more  readily  under  the 
dominion  of  the  sensorium.  And  it  is  for  the  sake  of  setting  this 
member  free  to  execute  the  behests  of  the  will,  that  the  lower 
extremity  is  developed  of  sufficient  length,  strength  and  compact- 
ness, to  bear  unaided  the  weight  of  the  body  and  to  perform  the 
whole  work  of  progression. 

Proportions  of  With  regard  to  the  proportions  of  the  parts  which 

*^artsof™*  compose  the  extremities,  it  is  to  be  remarked,  that  in 
extremities.  man  the  Segments  nearest  to  the  trunk  are  comparatively 
lengthy;  the  more  distal  ones  being  comparatively  short.  Thus, 
the  thigh  and  arm  are  respectively  longer  than  the  leg  and  fore- 
arm; the  leg  is  much  longer  than  the  foot;  and  the  fore-arm  is 
longer  than  the  hand.     The  inferior  animals,  on  the  contrary,  are 


1  See  Table  I.  page  i  o6. 
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remarkable  for  tlie  comparativelj  greater  length  and  strength  of  the 
more  distal  segments. 

In  the  Chimpanzee  and  Orang  the  leg  and  fore-arm  are  re- 
spectively nearly  equal  to  the  thigh  and  arm.  In  the  latter  animal 
indeed,  the  fore-arm  commonly  rather  exceeds  the  arm  in  length. 
In  each  of  the  three,  particularly  in  the  Orang,  the  hand  and  foot 
are  from  1  to  3  inches  longer  than  in  man,  although  the  entire 
stature  of  the  animal  is  from  10  to  20  inches  less,  and  the  exces- 
sive development  of  the  phalanges  is  especially  remarkable.  It 
will  be  seen  from  Table  I.  that  the  great  proportionate  length  of 
the  thigh  is  one  of  the  characteristics  of  the  human  figure;  it 
being  to  the  rest  of  the  frame  nearly  as  1  to  3^,  and  to  the  leg  as 
17.88  to  14.4.  In  the  Chimpanzee,  Orang  and  Gorilla,  it  is  to  the 
rest  of  the  body  about  as  1  to  4,  and  to  the  leg  as  12  to  10. 
(Tables  I.  and  IV.  pp.  106  and  108.)  In  most  other  animals  the 
difference  is  still  more  marked.  There  are,  however,  some  excep- 
tions ;  and  the  Mylodon  preserved  in  the  ]\Iuseum  of  the  College 
of  Surgeons  forms  a  striking  one.  In  it  the  femur  measm-es 
18  inches,  the  tibia  being  only  7^  inches.  The  humerus  in 
the  same  animal  measures  14  and  the  radius  10  inches. 
Purpose  at-  ^^  naturally  inquire,  what  are  the  purposes  served 

tained  by  short-  ^^^  ^-^^^^  ^^^^  ^|^g  lowcr  auiuials  bv  tlicsc  differences  in 

enmg  distal  "^ 

segments.  the  relative  proportions  between  the  component  parts 
of  their  extremities.  Why  in  man  should  the  difference  be  in 
favour  of  the  proximal,  and  in  the  animals  of  the  distal  segments. 
I  can  only  suggest,  that  the  shortening  of  the  distal  parts  of  the 
extremities  is  one  of  the  many  instances  in  the  human  skeleton,  in 
which  strength  is  sacrificed  to  celerity  and  nicety  of  movement,  as 
well  as  to  a  ready  subservience  to  the  will.  It  is  obviously  of 
the  first  importance  that  these  latter  qualities  should  exist  in  the 
human  hand  and  fore-arm  in  the  most  perfect  manner;  and  to 
effect  this  the  bones  are  reduced  in  size,  while  the  length  of  the 
extremity  is,  to  a  sufficient  extent,  maintained  by  the  prepon- 
derating size  of  the  humerus.  In  the  foot  also,  which  is  a  no  less 
marvellous  structure  and  little  less  important  as  a  ready  minister 
of  the  will,  variety,  celerity  and  nicety  of  movement  are  combined 
in   a   wonderful   manner  with  strength.      The  shortening   of  the 
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Lones,  wliereby  a  nimiLer  can  be  gathered  within  a  small  space 
and  the  part  is  rendered  compact  and  strong,  contributes  to  these 
results;  at  the  same  time  the  requisite  length  of  the  limb  is 
preserved  by  the  great  size  of  the  femur.  In  the  monkeys,  on  the 
contrary,  all  four  extremities  being  used  chiefly  for  prehension  and 
climbing,  nicety  of  movement  in  the  upper  limbs  and  stability  in 
the  lower,  are  of  less  importance  than  in  man.  In  these  animals, 
accordingly,  extent  and  strength  of  grasp  is  secured  by  the 
extension  of  the  distal  at  the  expence  of  the  proximal  segments  of 
the  limbs. 

Comparison  The  inferior  races  of  mankind  exhibit   proportions 

witii  inferior      -^yliJeh  are,  in  many  respects,  intermediate  between  the 

races  of  '  J  i  ' 

mankind.  higher  or  Europcau  orders  and  the  monkeys.     In  the 

NegTO,  for  instance,  the  statm-e  is  less  than  in  the  European.  The 
cranimn,  as  is  well-known,  bears  a  smaller  proportion  to  the  face. 
Of  the  extremities  the  upper  are  proportionately  longer,  and  there 
is  in  both  upper  and  lower  a  less  marked  preponderance  of  the 
proximal  over  the  distal  segments.  For  instance,  in  the  Negro 
the  thigh  and  arm  are  rather  shorter  than  in  the  European ;  the 
leg  is  actually  of  equal  length  in  both  races,  and  is,  therefore, 
relatively,  a  little  longer  in  the  Negro;  the  fore-arm  in  the  latter 
is  actually,  as  well  as  relatively,  a  little  longer;  the  foot  is  an  8th 
and  the  hand  a  12th  longer  than  in  the  European.  It  is  well- 
knoT^Ti  that  the  foot  is  less  well-formed  in  the  Negro  than  in  the 
European.  The  arch  of  the  instep,  the  perfect  conformation  of 
which  is  essential  to  steadiness  and  ease  of  gait,  is  less  elevated 
in  the  former  than  in  the  latter.  The  foot  is  thereby  rendered 
flatter,  as  well  as  longer,  more  nearly  resembling  the  monkey's, 
between  which  and  the  Em^opean  there  is  a  marked  difference 
in  this  particular.  In  Australians  and  in  the  Polynesian  tribes 
the  difference  is  less,  though  there  is  still  a  greater  proportionate 
length  of  the  leg  and  fore-arm.  The  feeling,  therefore,  which 
is  prevalent  in  favom-  of  a  small  proportionate  size  of  hand 
and  foot,  and  which  compels  civilized  and  uncivilized  nations 
alike  to  submit  to  varieties  of  tortm-e  in  accommodation  to  it, 
has  a  foundation  deeper  than  mere  fancy.  It  is  based  upon 
one    of   the   characteristic   differences    between    the    higher    and 


92  THE   PROPORTIONS   OF 

lower  races  of  mankind,  as  well  as  between  man  and  the  lower 
animals. 

As  a  general  rule,  I  believe,  in  their  attempts  to  modify  the 
proportions  of  the  human  form  by  mechanical  appliances,  each 
nation  endeavours  to  give  more  forcible  expression  to  that  which 
may  happen  to  be  a  national  peculiarity.  Thus  the  Chinese,  who 
are  distinguished  by  the  smallness  of  their  hands  and  feet,  as  well 
as  by  the  sparseness  of  their  hair,  endeavour  still  further  to  cramp 
the  former  whilst  they  reduce  the  latter  to  a  pig-tail.  And  certain 
of  the  South  American  Indians,  regarding  as  a  beauty  that  pro- 
gnathous conformation  of  the  cranium  which  exists  among  the 
inferior  races  of  mankind,  endeavour  to  promote  it  by  compressing 
the  foreheads  of  their  children,  with  what  surprising  results  may 
be  seen  in  specimens  preserved  in  the  Museum  of  the  College  of 
Surgeons\ 

Conformation  With  regard  to  the  conformation  of  the  trunk,  we 

ofthetrank.  ^^-^^  ^|^^|.^  ]^q||^  -j^  ^^iq  shape  of  tlic  chcst  and  the  pelvis, 
the  human  figure  is  characterized  by  its  width ;  the  transverse 
diameter  being  in  greater  proportion  to  the  antero-posterior  dia- 
meter than  in  the  lower  animals.  In  this  respect  again  the  negro 
occupies  an  intermediate  position.  The  chest  and  pelvis  are  not 
only  both  smaller  than  in  the  European,  but  the  transverse  diameter 
of  both  is  diminished  in  a  greater  degree  than  the  antero-posterior 
diameter.  It  is  said  by  Carus  that  the  transverse  diameter  of  the 
Negro's  chest  is  a  sixth  less  than  that  of  the  European,  and  that 
the  antero-posterior  diameter  measures  nearly  the  same  in  both ; 
and  it  will  be  found  by  reference  to  the  table  at  p.  106,  that  the 
transverse  diameter  of  the  pelvis  in  the  Negro  measm-es  nearly  an 
inch  less  than  in  the  Em'opean,  wliereas  there  is  very  little  differ- 
ence observable  in  the  antero-posterior  diameter''^. 


^  This  disposition  is  very  remarkable,  especially  if  it  be  found  to  exist  in  cases 
•where  there  may,  perhaps,  not  have  been  the  opportunity  of  comparison  so  as  to 
create  the  pride  of  difference. 

^  I  found  great  varieties  in  the  measurements  of  different  specimens  of  the  negro 
pelvis,  and  that  the  difference  in  size  between  the  male  and  the  female  was  commonly 
more  pronounced  than  in  the  European,  the  male  being  very  small. 
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It  has  been  sufficiently  proved  by  the  observations  of 

A  fine  frame  .  ... 

the  natural        othcrs,  that  the  negro  cranium  is,  m  its  capacity  as  well 
powerfid  f^s  in  its  relation  to  the  face,  inferior  in  size  to  that  of  the 

inteuect.  European,  but  Table  IV.  shews,  that  in  its  relation  to  the 

rest  of  the  skeleton  this  is  not  the  case.     The  cranium  of  the  Negro 
is  there  seen  to  bear  a  slightly,  and  that  of  the  Bosjesman,  a  con- 
siderably greater  proportion  to  the  rest  of  his  skeleton  than  does 
that  of  the  Em-opean;    which  is  a  remarkable  and,   I  think,    an 
unexpected  fact.     It  is,  however,  to  some  extent  in  accordance  with 
a  conclusion  which  forces  itself  upon  us  in  reviewing  this  com- 
parison of  the  European  skeleton  with  that  of  the  Negro,  and  of 
both  with  that  of  the  monkey,  and  which  is  confirmed  by  a  more 
extensive  sm-vey  than  I  am  able  here  to  give;  namely,  that  in  the 
ascent  from  the  lower  animals  to  the  higher  orders  of  mankind 
there  is  a  gradual  increase,  not  only  in  the  actual  size  and  capacity 
of  the  cranium,  but  also  in  the  size  of  the  whole  frame,  and  more 
particularly  in  the  size,  strength,  and  excellence  of  conformation 
of  the  lower  extremities.     The  dimensions  of  the  cranium  are,  on 
the  whole,  a  fair  criterion  of  the  dimensions  of  the  brain,  and,  con- 
sequently, of  the  nervous  and  intellectual  powers  of  the  individual. 
It  follows  then,  from  the  comparisons  of  different  nations  of  man- 
kind and  of  the  animals  nearest  approaching  them,  that  the  size 
of  the  frame  is,  on  the  whole,  proportionate  to  that  of  the  nervous 
centres.     This  led  me,  in  a  former  paper  which  I  had  the  honour 
to  read  before  this  society,  to  observe,  that  the  mental  and  corporeal 
capacities  are,  to  a  certain  extent,  an  expression  of  one  another, 
and  that  a  fine  and  well-developed  frame  is  the  natural  associate 
of  a  powerful  intellect.     We  should,  d priori,  expect  that  it  would 
be  so,  and,  though  numerous  exceptions  may  be  adduced,  the  result 
of  all  the  many  causes  which,  particularly  in  civilized  life,  con- 
tribute to  modify  the  normal  development  and  growth  of  the  frame, 
I  have  no  question  that  the  rule  does,  on  the  whole,  stand  good. 

Let  us  now  proceed  to  observe  briefly  the  changes 

Proportions  •"■_  _  ''  ^ 

at  different        that  take  placc  in  the  proportions   of  the  body  as    it 
*^^^'  passes  through  the  various  phases  of  development  and 

growth  on  the  way  to  manhood.     The  most  striking  feature  in  these 
changes  is,  the  gi-eat  relative  size  of  the  head  during  the  early 
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periods  of  existence,  in  comparison  with  the  more  advanced  periods. 
In  the  second  month  of  foetal  life  the  head  measures  a  half,  or  more 
than  a  half,  of  the  whole  length  of  the  emhryo.  At  about  three 
months  it  measures  an  inch,  the  length  of  the  embryo  being  from 
2^  to  3  inches.  The  rest  of  the  body  goes  on  growing  at  a  greater 
rate  than  the  head,  and  the  length  of  the  foetus  receives  consider- 
able addition  from  the  outgrowth  of  the  extremities,  so  that  by 
the  seventh  month  it  measures  13  inches,  the  head  being  now 
only  S^  inches.  At  birth  the  head  forms  about  a  fourth  of 
the  length  of  the  child  \  The  relative  decrease  continues  more 
slowly  as  growth  proceeds,  till  the  adult  period,  when  the  head 
measures  about  an  eighth  of  the  length  of  the  body  or  less.  Thus, 
from  birth  to  adolescence,  the  relative  size  of  the  head  is  reduced 
at  least  one  half. 

Reason  of  dis-  ^^®  ^^'^  hevG  struck  witli  tlic  remarkable  and  appa- 

proportionate    gently   inconsistent  fact  that  the  cranium,   and  conse- 

size  of  brain  in  •' 

infancy.  qucntly  the  brain,  should  have  so  great  size,  relatively 

to  the  face  and  the  rest  of  the  body,  during  the  periods  of  intra- 
uterine and  infantile  life,  when  the  cerebral  faculties  can  scarcely 
be  said  to  be  in  existence,  when  they  are  at  any  rate  very  feebly 
exerted:  and,  further,  that  as  the  latter  come  into  play  and  acquire 
an  increase  of  power  and  a  greater  command  over  the  rest,  of  the 
body,  the  relative  size  of  the  brain  should  undergo  a  continually 
progressive  decrease.  Or,  to  put  the  case  in  a  somewhat  more  cor- 
rect way ;  it  seems  very  strange  that  the  brain  and  skull  should  be 
so  much  in  advance  of  the  rest  of  the  body  during  that  very  period 
of  life  in  which  the  cerebral  functions  are  least  active  and  have 
least  influence  over  the  other  organs  ;  and  that,  subsequently,  when 
the  intellectual  faculties  are  becoming  developed,  and  the  will  is 
gaining  the  ascendancy  over    the    organism,   the    growth    of  the 


^  The  measurements  given  by  Carus  correspond  very  nearly  with  the  above.  He 
states  that  at  the  commencement  of  the  second  month  of  foetal  life  the  length  of  the 
head  is  to  that  of  the  vertebral  column  as  i  to  i ;  at  the  beginning  of  the  third  month 
it  is  as  I  to  2.  By  the  beginning  of  the  fifth  month  it  is  as  2  to  3,  the  relations  being 
about  the  same  as  at  birth.  At  birth  he  finds  that  the  face  forms  a  third  instead  of 
a  half,  of  the  vertical  depth  of  the  skull,  the  orbits  being  of  great  proportionate  size, 
whereas  the  nose  bears  about  the  same  proportion  as  in  the  adult. 
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face,  trunk  and  limbs,  slionld  proceed  at  so  much  greater  rate  than 
does  the  brain.  The  exphanation  of  this  apparent  anomaly  is 
afforded  by  the  conditions  mider  which  the  brain  is  placed.  It  is, 
for  the  purposes  of  protection,  shut  up  in  a  case  of  bone  which 
becomes  hard  and  unyielding  soon  after  the  child  enters  the  world; 
and  that  case  admits  only  of  a  slight  and  slow  increase  of  size,  because 
bone  possesses  very  little  power  of  interstitial  growth,  and  because 
the  bones  of  the  skull  cannot  grow  much  at  their  edges  in  conse- 
quence of  the  manner  in  Avhich  they  are  interlocked  at  the  sutm-es. 
To  avoid  the  difficulties  which  must  necessarily  have  resulted  from 
anything  like  a  proportionate  rate  of  growth  under  such  circum- 
stances, the  brain  is,  at  an  early  period,  while  the  skull  is  still 
partly  membranous  and  yielding,  made  large,  but  at  the  same  time 
soft,  pulpy,  with  much  fluid  in  its  texture.  Subsequently,  when 
the  skull  has  become  consolidated,  when  the  intellect  is  ripening 
and  volition  is  strengthening,  the  brain  increases,  not  so  much  in 
size  as  in  the  density  and  quality  of  its  textm-e,  and  in  the  number 
and  depth  of  its  convolutions.  Thus  in  infancy  the  brain  is  large, 
flaccid,  feeble,  and  quickly  growing.  In  adolescence  its  growth  is 
slower ;  but  it  is  gradually  becoming  denser  and  more  powerful,  and 
is  acquiring,  by  virtue  of  the  increase  of  its  convolutions,  a  greater 
amount  of  that  vesicular  structure  upon  which  its  higher  proper- 
ties seem  more  particularly  to  depend. 

It  has  been  suggested  that  the  proportions  of  the  head  in  infancy 
have  reference  to  parturition ;  that  the  head  of  the  foetus  is  of 
large  size  compared  with  the  rest  of  the  body,  that  it  may  gravitate 
in  the  liquor  amnii  to  the  os  uteri,  and,  by  closing  that  orifice, 
prevent  the  presentation  of  the  hands  and  feet^  Those  who 
take  that  view  seem  to  have  forgotten  that  if  the  weight  of  the 
head  were  the  cause  of  its  presenting  in  the  erect  posture  of  the 
woman,  it  would  have  rather  a  contrary  effect  when  she  was  re- 
cumbent. Yet  head-presentations  are  not  said  to  be  less  frequent 
in  women  who  keep  their  bed  than  in  those  who  move  about.  Not 
long  ago  I  found  the  head  presenting  in  a  patient  who  had  long 
been  confined  to  bed,  and  who  died  under  the  effects  of  premature 


•^  Shaw,  Medico-Chirvji'gical  Transactions,  xxvi.  338^ 
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labour.  There  can  be  little  doubt,  I  think,  that  the  presentation  of 
the  head  in  so  large  a  proportion  of  cases  is  due  to  the  fact  that  the 
contractions  and  pressure  of  the  walls  of  the  uterus  bring  the  long 
axis  of  the  child  into  correspondence  with  its  own ;  and,  aided  by 
the  movements  of  the  lower  extremities,  direct  the  latter  and  the 
nates  into  the  fundus  or  more  roomy  part  of  the  organ,  which  causes 
the  opposite  or  cranial  end  to  occupy  the  pelvis. 
Skull  large  in  It  is  a  curious  fact  that  when,  from  any  cause,  the 

short  persons.  gj-Q-^ytli  of  the  rcst  of  the  body  is  stunted,  the  head  not 
only  remams  disproportionately  large,  but  it  often  becomes  actually 
larger  than  in  other  persons.  Thus  short  persons  and  persons  with 
imperfectly  developed  lower  extremities,  are  not  micommonly  re- 
markable for  the  size  of  their  heads.  The  same  may  be  observed 
in  rickety  and  hump-backed  persons.  Whereas  those  who  grow 
quickly  and  become  unusually  tall  have,  for  the  most  part,  rather 
small  heads.  As  though  the  expenditm-e  of  growing  force  being 
too  great  in  one  direction,  other  parts  are  ill-cared  for. 
Keiative  growth  Although  the  skull  is,  at  birth,  of  great  size  propor- 
offace.  tionately  to  the  rest  of  the  body,  it  is  not  so  in  all  its 

parts.  It  is  to  the  cerebral  portion,  developed  so  as  to  contain  the 
large  brain,  that  the  size  of  the  skull  is  chiefly  due.  The  base  of 
the  skull  and  the  face  bear  but  a  small  j)i'oportion  to  the  cranium. 
Had  they  been  developed  during  the  foetal  state  in  the  same  ratio 
with  the  upper  part  of  the  brain-case,  a  greater  diameter  of  the 
mother's  pelvis  would  have  been  necessary  to  permit  delivery. 
After  birth,  especially  dm-ing  the  periods  of  dentition,  compensation 
is  made  by  the  growth  of  the  face  and  of  the  base  proceeding  at  a 
greater  rate  than  does  that  of  the  rest  of  the  skull.  Supposing  there- 
fore any  cause  to  occur,  such  as  rickets,  which  arrests  the  growth  of 
the  whole  body,  then  we  find,  not  only  that  the  limbs  are  small  in  com- 
parison with  the  skull,  but  that  the  face  also  is  small  in  comparison 
with  the  cranium.  In  short,  the  infantile  type  remains  perpetuated 
in  both  instances.  Attention  was  first  particularly  directed  to  this 
point  by  Mr  Shaw^,  who  finds  "the  relative  size  of  the  cranium  to 


^  Medico- Chirurgical  Transactions,  Vol.  xvii.  26.     The  observations  of  Mr  Shaw- 
are  on  the  whole  confirmed  by  the  measurements  of  five  skeletons  with  curvature  of 
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that  of  the  face,  in  the  child,  to  be  as  8  to  1;  in  the  adult  as  6  to  1 ; 
while  in  the  adult  whose  growth  has  been  interrupted  by  rickets  it 
is  as  7iV  to  1;  that  is,  the  ratio  in  such  individuals  is  intermediate 
between  what  it  is  in  the  child  and  the  adult."  In  those  persons  who 
exceed  the  ordinary  standard  of  height,  he  finds  the  impulse  of 
gTowth  to  be  shared  by  the  face  and  extremities  in  a  greater  degree 
than  by  the  cranium.  Thus  the  relation  of  the  skull  to  the  face 
of  the  giant  was  only  5  to  1.  These  results,  though  generally 
true,  are  liable  to  some  exceptions.  I  have  remarked  that  not  un- 
frequently  in  short  persons,  and  occasionally  in  rickety  skeletons, 
the  face  has  borne  its  proper  relative  size  to  the  cranium,  both  being 
in  an  equal,  or  nearly  equal,  degree  out  of  proportion  to  the  rest  of 
the  body.  It  must  be  remembered  that  in  some  rickety  subjects 
the  brain  exceeds  the  ordinary  size ;  in  others  the  skull  is  mor- 
bidly thickened ;  and  both  these  conditions  are  sources  of  fallacy 
in  estimating  the  usual  relations  of  the  face  and  cranium  in  that 
class  of  persons. 

Proportions  of  The  limbs  may  be  distinguished  in  the  second  month 
extremities       q£  fog^j^}  ]^jfg  j^g  small  proccsscs  buddiuo-  out  from  the 

dumig  deve-  ■■-  "^ 

lopment.  sides  of  the  trunk ;  the  upper  ones  a  little  sooner  than 

the  lower :  and  the  feet  and  hands  are  the  parts  first  formed.  At 
3  months  the  upper  limbs  measure  rather  more,  the  lower  rather 
less,  than  f  inch.  The  shape  of  the  feet  and  hands  is  distinct ; 
though  the  thumb  is  at  that  time  nearly  parallel  with  the  fingers, 
not  divergent  from  them  as  it  subsequently  becomes.  At  7  months 
the  upper  extremities  measure  5|  inches,  and  are  exceeded  by  the 
lower  which  measure  6  inches:  the  division  into  upper  arm,  fore-arm, 
and  hand,  into  thigh,  leg,  and  foot,  has  also  become  apparent. 

At  the  7th  month  the  nails  are  better  developed  in  the  fingers 
than  in  the  toes;  and  ossification  has  commenced  in  all  the  terminal 
phalanges  of  the  fingers,  whereas  in  the  toes  it  is  confined  to  the  ter- 
minal phalanx  of  the  pollex.  Thus  the  fingers  are  a  little  in  advance 
of  the  toes  in  their  development  at  this  period.    Xot  so,  however,  the 


the  spine,  made  by  Dr  M.  Stern  (Mtiller's ^rc/a'v,  1834,  p.  225).  These  show  the  face 
to  be  small,  actually  as  well  as  relatively  to  the  cranium.  He  found  the  same  with 
regard  to  all  the  other  bones  of  the  skeleton  with  the  exception  of  the  brain-case 
which  was  large. 

7 
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carpus.  In  it  ossification  has  not  tegmi,  whereas  there  is  ah-eady  a 
bony  nucleus  in  the  heel-bone.  At  birth  the  lower  extremities  have 
gained  some  other  points  in  advance:  a  distinct  bony  nucleus  is  pre- 
sent in  the  astragalus,  in  the  lower  epiphysis  of  the  femur,  and 
in  the  up^^er  epiphysis  of  the  tibia,  (see  PL  I.)  ;  and  ossification 
has  made  considerable  progress  in  all  the  phalanges.  It  appears, 
therefore,  that  the  extremities  proceed  jjari  passu  in  their  develop- 
ment more  nearly  than  might  be  supposed  from  the  statements  gene- 
rally made.  The  upper  extremities  have  a  little  the  advantage  in  the 
earlier  periods  of  foetal  life ;  but  they  are  overtaken  subsequently 
by  the  lower  limbs,  which,  at  the  time  of  birth,  are  somewhat  in 
advance  of  them. 

With  regard  to  the  proportions  of  the  different  seg- 
segments  at  7nents  of  the  cxtrcmitics ;  in  the  earliest  periods  the  arm 
and  thigh  are  respectively  shorter  than  the  fore-arm  and 
leg,  and  the  latter  are  respectively  shorter  than  the  hand  and  foot. 
During  development  and  growth  these  proportions  gradually  become 
reversed ;  but  the  final  relations  between  the  several  segments  are 
not  established  till  after  puberty  (Tables  VII.  and  VIII.).  At  birth 
it  will  be  seen  by  reference  to  the  tables,  that  the  arm,  leg,  and  foot 
are  of  about  equal  length  ;  and  that  the  hand  is  a  little  longer  than 
the  fore-arm. 

Foetal  proper-  Thcsc  facts  are  interesting  as  clearly  showing  that  in 

someapproxi-  its  earlier  conditions  the  most  perfect  human  form  pre- 
!!f^Ne"ro°and^^  scuts  morc  numcrous  approximations  to  the  permanent 
fiuadnmiana.  type  of  the  Ncgro,  and  likewise  to  that  of  the  quadru- 
manous  animal,  than  at  subsequent  periods.  They  show  also  that 
it  is  dm'ing  the  work  of  development  and  growth  that  the  lower 
extremities  attain  their  greater  relative  dimensions,  and  that  the 
proximal  segments  of  both  upper  and  lower  extremities  come  to  bear 
that  large  proportion  to  their  distal  parts  whereby  the  European 
type  is  characterized.  By  thus  reducing  the  difference  in  type  be- 
tween the  Negro  and  the  European  to  a  mere  matter  of  growth,  and 
showing  that,  so  far  as  the  extremities  are  concerned,  a  transient  con- 
dition of  the  one  corresponds  with  a  permanent  condition  of  the  other 
— the  one  being  only  a  further  development  of  the  other,  or,  rather, 
a  degree  of  development  in  advance  of  the  other — some  countenance 
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is  given  to  the  opinion  entertained  by  Pritcliard  and  others,  that 
the  human  family  are  all  derived  from  one  stock,  which  has  become 
modilied  by  a  variety  of  external  circumstances,  and  that  the  type 
of  that  stock  is  preserved  in  the  Negro.  The  same  remark  applies 
also  to  the  dimensions  of  the  trunk.  Till  the  period  of  puberty  the 
European  and  the  Negro  more  nearly  correspond.  It  is  not  till  after 
that  period  that  the  greater  proportionate  breadth  of  chest  and  pelvis 
is  attained  in  the  former. 

That  inferences  of  this  sort  must,  however,  be  drawn  with  much 
caution,  is  sufficiently  illustrated  by  the  view  which  has  been  taken 
from  the  same  line  of  argument  pressed  a  little  further,  or  rather 
I  should  say  a  good  deal  further :  namely,  that  not  only  is  the 
Em-opean  a  result  of  an  advanced  development  of  the  negro  type, 
but  that  both  are  in  like  manner  merely  the  product  of  an  advanced 
development  of  the  monkey.  This  fanciful  notion,  derived  from 
exaggerated  ideas  of  similarities  that  exist,  and  of  the  changes 
which  take  place  in  foetal  life,  as  well  as  from  an  imperfect  know- 
ledge of  the  real  differences  between  the  hmnan  and  the  quadruma- 
nous  classes,  has  been  so  amply  refuted  by  Professors  Clark  and 
Owen,  that  it  needs  no  further  comment. 
„.,„      .  The  small  size  of  the  pelvis  and  lower  limbs,  in  com- 

Middle  point  ^ 

of  figure.  parison  with  that  of  the  head  during  the  first  months  of 

foetal  life,  causes  the  middle  point  of  the  body  to  be  situated  higher 
at  that  period  than  afterwards.  At  about  3  months  it  is  a  little  above 
the  lower  end  of  the  sternmn.  Before  this  it  is  higher  still.  At 
7  months  it  is  just  below  the  lower  end  of  the  sternum.  At  birth 
it  is  a  little  above  the  umbilicus.  After  birth  to  adolescence  it 
is  between  the  umbilicus  and  the  pubes ;  being  for  the  most  part 
a  little  lower  in  tall  persons  than  in  the  short.  In  a  man  who 
was  only  4  feet  2  in.  in  height,  the  middle  point  was  at  the  umbilicus. 
In  the  well-formed  adult  it  is,  as  before  said,  at  the  symphysis 
pubis ;  the  length  of  the  lower  extremities  being  equal  to  that  of  the 
rest  of  the  body.  In  the  position  of  the  middle  point  of  the  body 
we  find,  therefore,  another  point  of  similarity  between  the  foetal  and 
the  quadnimanoiLS  skeleton. 

It  appears  fr'om  the  measm-ements  of  Carus,  that  the  age  of  15 
offers,  in  some  respects,  a  contrast  to  the  proportions  of  foetal  life ; 

7—2 
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forasmuch  as  at  that  time  the  extremities  have  acquired  a  greater 
relative  length  than  at  any  former  period;  which  is,  to  a  certain 
extent,  lost  in  the  farther  accomplishment  of  growth.  This,  he 
remarks,  gives  the  lengthiness  of  limb  and  slenderness  of  figure 
which  is  characteristic  of  that  period  of  life.  Some  corroboration  of 
this  statement  is  fiu'nislied  by  the  measurements  given  in  Tables 
VII.  and  VIII.  pp.  110,  111. 

An-ested  Examples  of  arrested  development  and  growth,  as 

development,  already  mentioned,  are  occasionally  met  with,  in  which 
the  foetal  proportions  are  perpetuated  in  the  adult  frame.  The  most 
marked  instances  are  those  in  which  the  earliest  condition  is  perma- 
nent, a  hand  or  foot  only  being  appended  to  the  trunk,  and  all  the 
rest  of  the  limb  being  wanting.      In  rickety  persons 

Peculiarities  of  .  nip-  iti 

rickety  and  whose  gTowtli  18  usually  dcfectivc,  the  limbs  are  coni- 
sior  peisons.  j^-^^^^^^  sliort ;  aiid  it  is  interesting  to  observe,  that  the 
failure  of  growth  is  most  marked  in  the  arms  and  thighs;  more  par- 
ticularly in  the  latter.  I  have  measured  some  examples  in  which 
the  fore-arm  was  longer  than  the  arm,  and  several  in  which  the  leg 
was  longer  than  the  thigh.  In  some  of  these  the  trunk  is  also 
small ;  but  in  most  of  them  the  head  has  its  normal  size,  or  more 
than  its  normal  size,  giving  a  remarkable  preponderance  to  this  part 
of  the  figure. 

In  persons  of  this  class  the  limbs  are  generally  curved,  even 
when  there  is  no  other  evidence  of  a  rickety  diathesis.  Indeed  I 
think  it  may  be  stated  that  as  a  general  rule  the  bones  are  curved 
in  proportion  to  the  shortness  of  stature  of  the  individual,  the 
tallest  persons  having  the  straightest  bones.  This  may  be  for  the 
purpose  of  redeeming  by  their  greater  curvature  some  of  the  elas- 
ticity which  has  been  lost  by  want  of  length  in  the  bones,  so  that 
the  delicate  internal  organs  may  be  alike  defended  from  jars,  whether 
the  bones  are  long  or  short.  Be  this  so  or  not  it  is  certain  that, 
owing  to  the  leverage  which  these  curves  afford  to  their  muscles, 
very  short  persons  are  commonly  very  strong. 
^     ,      ,,  It  is  to  be  remarked  that  short  persons,  in  whom 

Dwarfs  on  the  ■••  ' 

whole  well  pro-  tlic  deficiency  of  height  is  due  to  a  want  of  proper  pro- 
portioned. .  ,    .  .  n       T     •         •  1     1 
portionate  growth  m  certain  parts,  are  to  be  distinguished 

from    dioarfs    strictly    so    called,    although   they    are    often   con- 
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founcled  vrhli  them.  In  the  true  dwarf,  so  far  as  I  have  been  able 
to  ascertain,  the  proportions  between  the  several  parts  of  the  frame 
are  good,  corresponding  or  nearly  corresponding  with  those  of  the 
normal  adult;  and  the  diminutive  stature  depends,  accordingly,  not 
upon  the  relatively  imperfect  growth  of  any  particular  segments,  or 
even  upon  the  permanence  of  a  foetal  or  childlike  condition;  but 
upon  the  whole  frame  being  undersized.  The  various  phases  of 
development  and  groAvth  go  on,  and  go  on  correctly,  but  upon  a 
small  scale.  This  was  the  case  in  Nicholas  Perry — alias  Boebe — 
jet.  23,  a  celebrated  Polish  dwarf,  mider  3  feet  high,  whose  skeleton, 
preserved  in  the  museum  of  the  Jardin  des  Flantes,  shows  a  fair 
proportion  between  head,  trunk  and  extremities,  (Tables  III.   and 

Their  extremities  ^^-   PP*   1^^'  ^>)    ^^^^    "^   ^    dwarf    a3t.    26,    Uudcr    4  fcCt 

rather  lengthy,  l^igh^  tlic  measurements  of  which  are  given  by  Carus^; 
it  was  so  too,  if  my  memory  is  correct,  in  the  instance  of  General 
Tom  Thumb.  Indeed  in  Cams'  case,  far  from  the  infantile  type 
being  retained,  as  it  would  have  been  from  a  mere  imperfection  of 
o-rowth,  it  is  most  remarkable  that  the  extremities  are  somewhat 
longer  than  they  should  be,  the  preternatural  length  depending, 
in  great  measm-e,  upon  a  disproportionate  growth  of  the  thigh  and 
arm.  In  Boebe  also,  though  the  leg  and  fore-arm  are  short,  the 
arm  is  long  in  proportion  to  the  whole  figure  and  the  thigh  is 
long  in  proportion  to  the  leg.  It  would  seem,  therefore,  that  the 
stature  of  these  dwarfs  is  somewhat  higher  than  its  module  would 
indicate  that  it  should  be;  and  if  the  same  proportions  be  fomid  in 
other  instances  the  paradox  would  be  rendered  tenable,  that  dwarfs, 
though  undersized,  are  in  reality  rather  overgrown  persons^. 


^  Die  ProportiondeKre,  s.  12,  and  Table  X.  given  at  p.  112. 

^  The  Sicilian  dwarf  preserved  in  the  College  of  Surgeons,  whose  measurements 
are  given  in  Table  III.,  is  not  a  fair  example,  inasmuch  as  she  was  only  ten  years 
old,  and  the  processes  of  development  as  well  as  growth  are  remarkably  backward, 
being  advanced  very  little  beyond  what  is  usual  at  the  time  of  birth.  Most  of  the 
epiphyses,  as  well  as  most  of  the  carpal  and  tarsal  bones,  remain  cartilaginous,  and 
the  skull  is  very  large.  In  Bcebe  I  observed  the  head  and  face  to  be  rather  small  in 
proportion  to  the  rest  of  the  body,  and  decidedly  small  in  comparison  with  the  head 
and  face  of  a  four-year-old  skeleton  which  stands  close  by  it,  and  which  exceeds  it  in 
height  by  two  inches. 
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It  may  be  objected  that  tliis  conclusion  is  not  warranted,  and  that 
instead  of  saying  the  extremities  are  disproportionately  long  in  these 
dwarfs,  it  would  be  more  correct,  or  at  any  rate  equally  correct,  to 
say,  that  the  other  parts  are  disproportionately  small.  To  this  I 
would  answer,  that  forasmuch  as  the  central  parts  of  the  skeleton 
are  those  first  formed,  are  the  most  important,  and  are  in  close 
relation  with  the  various  important  internal  organs,  being,  in  fact, 
in  great  measure,  moulded  upon  those  organs,  they  may  be  most 
fitly  selected  as  affording  the  standard  of  the  proper  dimensions  of 
the  whole  skeleton.  We  are  therefore  more  likely  to  arrive  at  cor- 
rect conclusions  respecting  the  normal  height  of  the  skeleton  in 
any  particular  instance  by  data  derived  from  them  than  from  the 
extremities.  The  latter  are  subject  to  greater  varieties,  and  must 
be  considered  long  or  short  in  accordance  with  their  relation  to  the 
central  parts. 

Having":  made  these   observations   with   reference  to 

Tall  persons.  i        •  i 

dwarfs  i  naturally  turned  with  some  interest  to  examine 
the  proportions  of  those  who  are  oversized.  The  measurements  of 
several  persons  who  were  somewhat  above  the  ordinary  standard  of 
height  showed  that  there  was  considerable  variety.  In  some  the 
height  depended  chiefly  upon  length  of  trunk,  in  others  more  upon 
length  of  extremities;  and  in  many  both  trunk  and  extremities 
were  elongated  in  an  equal  degree.  In  short,  no  particular  results 
were  obtained. 

In  giants  the  The  Only  Giant's  skeleton  I  have  had  an  opportu- 

extremities  short  j^^^^  q£  measurinff  is  that  of  0' Byrne  in  the  museum 

in  relation  to  the  jo  j 

stature.  of  tlic  CoUcge  of  Surgcous.     His  height  was   8  feet 

2  inches.  He  died  at  the  age  of  22.  The  measurements  given  in 
Table  II.  indicate  proportions  in  many  respects  the  reverse  of  those 
of  the  dwarf.  The  extremities  are  by  no  means  long.  Indeed  they 
are  in  every  particular  shorter  in  relation  to  the  statiu'e  than  they  are 
in  the  normal  European.  The  middle  point  of  the  body  is  an  inch 
above  the  symphysis,  and  it  is  interesting  to  observe  that  the  length 
of  the  lower  extremities  is  greatly  dependent  upon  the  leg-bones, 
which  exceed  their  proper  relative  proportions  to  the  thigh-bones, 
and  that  in  like  manner  the  fore-arm  is  long  in  proportion  to  the  arm. 
In  other  words,  the  thighs  and  arms  have  not  grown  up  to  their 


THE   HUMAN   FIGURE.  103. 

proper  length  either  in  relation  to  the  legs  and  arms  or  to  the  trunk ; 
and,  if  these  proportions  obtain  in  giants  generally,  the  same  process 
of  reasoning  which  led  me  to  speak  of  dwarfs  as  rather  overgrown, 
though  undersized  individuals,  seems  to  Avarrant  the  conclusion  that 
giants  though  oversized  are  rather  undergrown. 

The  inferences  drawn  from  O'Byrne's  skeleton  are  confirmed  by 
the  measurements  of  several  other  giants  given  in  Tables  II.  and 
V.     These  were  made  since  the  above  was  first  written. 

It  appears  that  in  all  these  giants,  Avith  one  exception,  the  cra- 
nium is  small  in  proportion  to  the  rest  of  the  skeleton,  and  that  the 
spine  is  the  only  part  in  wliich  the  due  proportions  are  exceeded.  It 
may  be  objected  that  this  opens  a  som'ce  of  fallacy  because  measure- 
ments of  the  spine  are  less  to  be  relied  on  than  those  of  other  parts, 
in  consequence  of  artificial  intervertebral  substances  being  added 
when  the  skeleton  was  articulated,  and  there  would  be  a  temptation 
to  increase  the  height  of  a  giant's  skeleton  by  making  them  thicker 
than  they  ought  to  be.  I  could  not  perceive  that  this  had  been 
done  in  any  instance;  and  in  the  cases  where  the  height  of  the 
giant,  when  living,  was  given  it  exceeded  that  of  the  articulated 
skeleton. 

Proportions  of  AVitli  regard  to  the  difierences  between  the  figure  of 

female.  ^^^  ^^-^^  womau. — The  latter  is  smaller  in  most  of  its 

dimensions.  In  the  proportions  of  its  several  parts  it  presents  in 
some  respects  an  approach  to  the  infantile  type.  The  brain-case 
and  the  brain,  though  actually  smaller,  are,  relatively  to  the  rest  of 
the  body,  larger  than  in  man\  The  face  is  smaller.  The  extremities 
are  shorter,  both  thigh  and  foot  being  proportionately  small.  The 
transverse  diameter  of  the  chest  is  less,  but  that  of  the  pelvis  is 
gTeater.     Although,  therefore,    man   presents   in  some   respects  a 


^  Carus  finds  the  size  of  woman's  brain  to  that  of  man's  is  as  44I  to  50.  Never- 
theless, the  size  of  woman's  brain  to  that  of  the  body  is  as  i  :  35  ;  that  of  man's  being 
as  I  :  373.  The  brain  of  a  woman  weighed  46  oz.  6  drachms,  and  the  spinal  cord  i  oz. 
6  drachms;  whereas  in  a  man  with  a  very  small  head  whose  brain  weighed  41  oz. 
4  drachms  the  spinal  cord  weighed  still  i  oz.  6  drachms. 

The  skull  of  the  female  is  said  to  be,  relatively  to  the  rest  of  the  skeleton,  heavier 
than  that  of  the  male :  the  proportion  in  the  former  being  as  i  to  6,  and  in  the  latter 
as  I  to  8.     Jourdan's  Encyl.  Anat.  11.  18. 
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wider  departure  from  the  brute  creation — as  in  liis  greater  stature,  the 
width  of  his  chest,  and  the  length  of  his  thigh  and  arm ;  yet  the 
balance  is  restored  and  the  attributes  of  the  human  figure  are 
preserved  to  woman  by  the  large  proportionate  size  of  her  cranium, 
the  small  proportionate  size  of  her  feet  and  hands,  and  by  the 
width  of  her  pelvis. 

The  chief  results  of  all  these  details  are: — 1.  That 

Results. 

certain  tolerably  definite  proportions  between  its  several 
parts  are  uniformly  observed  in  the  construction  of  the  human 
frame.  2.  That  these  proportions  difffer  in  a  regular  and  distinct 
manner  from  the  proportions  of  the  nearest  allied  members  of  the 
animal  kingdom.  3.  That  the  proportions  of  the  inferior  races  of 
mankind,  in  their  differences  from  the  higher  ones,  present  some 
approach  to  the  animal  type.  4.  That  in  the  progress  of  the 
development  and  growth  of  the  trunk  and  extremities  the  human 
frame  passes  through  phases  of  similarity  to  the  animal  and  the 
negro  type  on  its  way  to  the  European  or  perfect  standard.  5.  The 
remarkable  fact  has  been  elicited  that,  in  some  of  those  persons 
who  are  of  unusually  low  stature,  these  specific  proportions,  if  I 
may  so  call  them,  are  rather  exceeded  in  the  extremities,  while  in 
those  of  excessively  high  stature  they  appear  to  be  scarcely  attained. 
It  will  perhaps  be  asked,  are  there  no  other  results?  Is  there 
nothing  further,  nothing  of  a  higher  character  to  follow  from  this 
sort  of  study  of  the  human  frame?  Are  there  no  great  and  impor- 
tant laws  involved  in  all  this;  laws  having  relation  to  the  better 
part  of  man?  If  the  material  world  be  in  any  way,  as  has  been 
supposed,  an  expression  or  representative,  a  sort  of  cast  as  it  were, 
of  the  immaterial,  ought  we  not,  in  the  contemplation  of  the  human 
form,  the  highest  and  noblest  work  in  creation,  which  is  so  essen- 
tially a  minister  of  the  spiritual,  to  be  able  to  penetrate  a  little 
beyond  the  husk  and  outward  form,  and  to  base  upon  that  outward 
form  some,  at  least  obscure,  notion  of  the  nature  and  qualities  of 
man's  inward  essence?  It  has  been  attempted  at  various  periods 
in  the  history  of  science  and  in  various  ways  to  do  something  of 
the  kind.  The  efforts  have  been  made  chiefly  by  those  in  whom 
the  imaginative  have  predominated  rather  than  the  inductive  facul- 
ties of  the  mind,  and  they  have  not  come  to  much  practical  result. 
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Tliey  have  served  only  to  convince  us  that  there  is  between  the 
material  and  immaterial  a  gap  which  no  power  of  human  reason  can 
bridge  over.  We  may  observe  the  mode  in  which  the  human  frame, 
as  distinguished  from  that  of  animals,  is  fitted  to  carry  out  the  pur- 
poses of  an  intelligent  will ;  but  we  are  unable  to  go  further,  and 
can  discover  in  the  physical  construction  of  man  nothing  to  guide 
us  to  a  knowledge,  even  to  an  idea,  of  his  more  important  and  essen- 
tial peculiarities  and  of  the  high  destinies  that  are  associated  with 
them.  The  consciousness  of  this  makes  us  the  more  deeply  thank- 
ful that,  for  all  needful  infonnation  on  these  points,  which  are, 
after  all,  by  far  the  most  important,  we  are  not  left  to  uncertain 
deductions  from  the  book  of  science,  but  are  able  to  rely  upon 
the  sm-e  word  of  revelation. 

The  measurements  given  in  the  tables  appended  and  those  fi-om 
which  the  averages  were  derived,  were  taken  by  myself  from  skele- 
tons or  separate  bones  contained  in  various  museums  in  England,  in 
Paris,  and  in  Germany,  except  that  of  the  Irish  giant,  for  which  I 
am  indebted  to  Mr  Butcher  of  Dublin.  In  Tables  IV.  V.  and  VI.  the 
several  measm-ements  given  in  I.  II.  and  III.  are,  for  convenience  of 
observation,  reduced  to  a  scale  of  proportion  to  100,  which  is  taken 
to  represent  the  height  of  the  skeleton  in  each  instance.  The  tables 
are  not  quite  perfect,  because  in  some  cases  the  skeletons  were  im- 
perfect; and  because  in  others  it  was  difhcult  to  estimate  correctly 
the  length  of  the  spine,  foot,  and  hand,  in  consequence  of  the  manner 
in  which  the  bones  were  put  together.  Difficulties  were  also  often 
experienced  in  taking  the  measm-ements  of  the  bones  of  young  per- 
sons, owing  to  the  greater  or  less  shrinking  of  the  cartilages  of  the 
epiphyses. 
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TABLE  VII. 

MEASUREMENTS  AT  DIFFERENT  AGES. 


0 

Pelvis. 

Age. 

B 

'Si 
02 

.=1 
0 

1 

1 

t3 
C 

i 

3 

0 

0 

■a 

0.0) 

■<-3 

At  birth 

19 

7 

15 

3-5 

2.5 

3-1 

4-3 

3-5 

3-5 

1-3 

1-3 

'    [ 

25 

8 

17-5 

4-5 

3-3 

3 

5-5 

4.5 

3.5 

2.2 

2.2 

yrs.  1 
Average 

29 

9 

18 

5 

4 

3.2 

7 

5-8 

3-7 

2.2 

2.2 

27 

8.5 

17.7 

4-7 

3.6 

3.1 

6.2 

5-r 

3-6 

2.2 

2.2 

, 

31 

10.5 

16.2 

5 

3-4 

3-3 

6.7 

5-3 

3-7 

2 

2.2 

M. 

36 

"•3 

20.2 

6.7 

5-2 

4 

8.5 

7 

5-3 

2.2 

2-3 

F. 

35.5 

12 

18.2 

6.7 

4-5 

4 

9-3 

7 

5 

2-5 

2.5 

4 

35 

12 

18 

6.2 

5 

4.2 

8.5 

6.5 

5 

2.3 

2-3 

34 

II 

19 

6.3 

5 

4.2 

8.5 

7 

5 

^•5 

2-3 

to  ■ 

6.6 

4-9 

9 

6.9 

2.6 

2.8 

M. 

34-5 

13-2 

16 

7-5 

5-5 

4.2 

xi-5 

8.5 

6 

2.9 

2.6 

37 

12.5 

18.6 

6.6 

5-2 

4-5 

9.6 

7.6 

5-5 

2.4 

2.8 

6 

38 

12.5 

17-5 

7 

5-3 

4.8 

9.4 

8 

5-4 

2.7 

2.8 

F. 

35 

11.6 

18.3 

7-5 

4.6 

4 

9 

7 

5-4 

2.5 

2.6 

M. 

6.7 

4.9 

9.9 

7-4 

3 

2.6 

Average 

35 

II. 8 

i8 

6.6 

4.8 

4.1 

9.1 

7-1 

5-1 

2.5 

2-5 

'  M. 

45 

14.2 

19 

8.5 

6.2 

5 

12 

9-5 

6.5 

3-2 

3-3 

8 

M. 

48 

15.2 

20.5 

9 

6.4 

5-3 

13 

9.8 

7-3 

3-4 

3-4 

49 

16 

19 

9.2 

7 

5-4 

13-5 

11.3 

7 

to   . 

F. 

39-5 

12 

18.5 

8 

5.6 

4.6 

10.5 

8.5 

5.6 

3 

3 

M. 

45 

14 

15-7 

8 

5-5 

5 

"•5 

9 

6.5 

3 

3-2 

M. 

40.5 

13 

18.4 

7.2 

5.2 

4-5 

9.6 

8 

5-7 

2.7 

2.9 

12 

F. 

43 

12 

19.2 

8.8 

6 

5 

"•5 

9-3 

6.5 

3 

2.8 

M. 

46 

15.2 

20 

9 

7 

5-4 

12.5 

II 

7 

3-5 

3-3 

l-F. 

30 

13 

19-5 

7 

5-5 

6 

10.5 

8 

6 

Average 

43 

12.8 

18.8 

8.3 

6 

5-1 

11.4 

9-4 

6.4 

3-1 

3-1 

r  M. 

52 

16 

20 

10.5 

7.8 

6.5 

14-5 

12 

8.4 

3-7 

3-5 

15    \  ""■ 

^       1    F. 

55 

17 

19 

10.5 

7-5 

5-8 

14.8 

12 

8 

3-7 

3-7 

55 

17 

19 

10.3 

7 

5-6 

14.8 

II 

7.8 

4 

3-6 

[  M. 

Average 

54 

16.5 

10.5 

7-5 

15 

"•5 

54 

16.6 

'9-3 

10.4 

7-4 

5-7 

14.8 

11.6 

8 

3.8 

3-6 

i8     r 
to      -^    „ 

1     • 

62 

19 

19-5 

12.4 

9 

7 

16.5 

14.2 

9 

5-1 

5 

59 

19 

19-5 

II 

8.2 

6.5 

16 

12.8 

8 

5 

4.8 

19       [  M. 

59 

17-5 

20.4 

II 

8.5 

6.3 

15 

13 

8 

3-9 

3-8 

Aver 

age 

60 

18.5 

19.8 

1 1.4 

8.6 

6.6 

15.8 

13-3 

8-3 

4-7 

4-5 
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TABLE  VIII. 

AVERAGE  MEASUREMENTS  AT  DIFFERENT  AGES  REDUCED  TO  A  SCALE. 


8 

c    . 

Pelvis. 

Age. 

^S 

6 

'S, 

§3 

0 

s 

-a 
c 

w 

3 
B 

0 

t3 

II 

2 

100.00 

31.48 

65-55 

17.40 

13-33 

11.48 

22.94 

18.88 

13-33 

8.14 

8.14 

4  to  6 

100.00 

33-71 

51.42 

18.85 

13-71 

II. 71 

26.00 

20.28 

14-57 

7.14 

7.14 

8  to  12 

100.00 

29.76 

43-7^ 

19.30 

14.09 

11.86 

26.51 

21.86 

14.65 

7.21 

7.21 

15 

100.00 

30-74 

35-70 

19.25 

13-70 

10.55 

27.40 

21,48 

14.81 

7-03 

6.66 

i8  to  19 

100.00 

30-83 

33-00 

19.00 

14-33 

II. 11 

''6.33 

22.16 

13-83 

7-83 

7-50 

Adult 

100.00 

34-15 

31-54 

19-54 

14-15 

11.23 

27-51 

22.15 

16.03 

8 

6.61 

TABLE  IX. 


The  following  measurements  are  given  by  M.  Sue  in  the  Memoires  de  VAcademie 
Royale  des  Sciences,  1755,  Tome  il.  p.  574  : 


Foetus  of 

Total  length. 

Trunk. 

Upper  extremities. 

Lower  extremities. 

6  weeks. 

16  lin. 

I  in. 

5  lin. 

4  lin. 

ih  months. 

2  in.  3  lin. 

I    ,,     8  lin. 

9   „ 

7    ;» 

3 

3  in. 

2   „     I    ,, 

13   ,» 

II    ,, 

4         ,> 

4  in.  4^  lin. 

2   „    II    „ 

I 

n. 

9   >, 

I  m. 

5         >j 

6.1  in. 

4    „     4    m 

2 

6   „ 

2    ,, 

2    ,, 

6 

9  in. 

5    »     8   „ 

3 

7  ,, 

3   ,, 

4    M 

7 

I  ft.  some  lin. 

6   „  5-^    „ 

5 

10  „ 

5   „ 

9    » 

8 

14  in.  9  lin. 

8   „   3^    „ 

6 

8   „ 

6   „ 

6  „ 

9 

18  in. 

10   „ 

8 

8   „ 

I  year. 

I  ft.  loj  in. 

13  „     6   „ 

9 

9   M 

3  years. 

2  ft.  9  in.  some  lin. 

19  » 

14 

14   M 

some  lin. 

10      „ 

3  ft.  8  in.  6  lin. 

2  ft. 

19 

20   „ 

6  lin. 

14      ,> 

4  ft.  7  in. 

2  ft.  4  in. 

24 

6  „ 

27   » 

-5        a 

5  ft.  4  in. 

2  ft.  8  in. 

30 

32   „ 
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THE  SPINE 

is  the  most  distinguishing  and  important  part  of  the  skeleton  of 
a  large,  and  that  the  highest,  class  of  the  animal  kingdom*. 
It  preserves  its  chief  characteristics  in  all  the  members  of  that 
class.  In  each  of  the  Fishes,  the  Reptiles,  the  Birds  and  the 
Mammals,  it  is  composed  of  a  series  of  bones,  placed  one  above,  or 
in  front  of,  the  other,  called  vertehrce.  Hence  the  whole  of  these, 
the  highest  orders  of  animals,  are  included  under  the  name  verte- 
BEATE^.  The  several  components  of  the  spine — the  vertebras — 
vary  greatly  in  their  number  in  difterent  animals,  even  in  members 
of  the  same  subdivision:  the  comparison  of  an  ophidian  (a  boa 
constrictor  for  instance)  with  a  chelonian  reptile  (a  turtle)  at  once 
shows  this ;  and  the  number  in  each  have,  apparently,  no  relation 
to  the  other  organs  or  members  of  the  animal.  They  differ  also  in 
their  shape,  even  in  different  parts  of  the  same  spine.  What  can 
be  more  unlike  a  dorsal  vertebra  than  the  last  bone  of  the  coccyx  ? 
Nevertheless  they  present  certain  marked  characteristics,  which  are, 
with  few  exceptions,  constant  in  this  great  division  of  the  animal 
series.  Each  one  consists  of  a  short,  thick  mass  of  bone,  in  shape, 
more  or  less,  approaching  to  a  cylinder,  which  is  connected  with  a 
similarly  shaped  bone  above  and  below  by  a  softer  intervertebral 
substance.  This  bony  mass  constitutes  a  fundamental  or  central 
portion — centrum — fi'om  which  other  parts  seem  to  emanate  as  pro- 
cesses ^     The  processes  vary  in  number  in  tlie  different  vertebra. 


^  It  is  the  part  first  formed  in  the  embryo,  and  is  very  rarely  wanting  ;  the 
instances  in  which  it  has  been  so  being  those  of  the  most  imperfect  monsters.  (Otto's 
Path.  Anat.  by  South,  p.  194.) 

2  The  skeletons  of  invertebrate  animals  are  composed  of  horny,  or  shelly,  or  calca- 
reous matter,  but  never  of  true  bone.  Wherever  in  the  animal  kingdom  true  bone 
exists,  the  skeleton  is  arranged  in  vertebras,  and  has  an  intimate  relation  to  the  nervous 
system. 

^  I  say,  seem  to  emanate,  because  the  other  components  of  the  vertebrae  do  not,  in 
reality,  radiate  from  the  centra ;  in  some  instances  they  are  formed  independently,  and 
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They  are  all  absent  in  tlie  lower  bones  of  the  coccyx.  The 
centrum  is  constant  in  man,  and  nearly  so  in  other  animals. 
Even  the  atlas  has  ceased  to  be  considered  an  exception  to  the  rule, 
since  we  have  been  taught  that  its  body  forms  the  odontoid  process 
of  the  dentata.  There  is  every  probability  that  each  of  the  centra 
corresponds  with,  and  is  developed  in  connexion  with,  one  of  the 
primitive  central  ganglia  of  the  nervous  system ;  though,  as  growth 
proceeds,  their  topical  relation  to  one  another  may  be  altered.  This 
has  occurred  with  regard  to  nearly  all  the  vertebras  of  the  human 
spine;  the  lumbar,  sacral,  and  coccygeal  centra  are  not  in  juxta- 
position with  the  cord  at  all,  and  those  of  the  dorsal  and  lower 
cervical  portions  are  not  in  juxtaposition  with  the  same  segments 
of  the  cord  as  they  were  at  their  first  formation. 

These  centra,  which  are  also  called  the  bodies  of 
of°the°sk°ek-  ^hc  vcrtcbrae,  with  the  intervertebral  substances  between 
ton  not  here      them,  are  arrano'ed  in  a  row  in  the  axis  of  the  skeleton, 

discussed.  '  "  ' 

forming  a  line  around  which  all  other  parts  are  arranged, 
and  from  which  they  all  appear  to  radiate.  The  limbs,  no  less  than 
the  more  closely  connected  organs,  may  all  be  regarded  as  ap- 
pendages to  this  spinal  axis ;  and  the  attention  of  anatomists  has 
been  long  and  closely  directed  to  the  study  of  the  relation  which 
the  various  pieces  of  the  skeleton  bear  to  the  different  segments  of 
the  spine  and  to  one  another.  Into  the  results  of  that  highly  inter- 
esting but  difficult  study  I  do  not  propose  now  to  enter,  but  proceed 
at  once  to  consider  the  mode  of 


DEVELOPMENT  OF  THE  VEETEBKAL  COLUMN. 

The  first  indications  of  the  spine  are  eiven  by  the 

Changes  in  .,,... 

Chorda  dor-      appearance  of  the  "Chorda  dorsalis"  in  the  investing 
membrane  of  the  ovum.     It  has  a  gelatinous  appear- 
ance, consists  entirely  of  cells,  is  of  cylindrical  form,  and  lies  in  the 


some  of  them,  the  "arches"  or  "neural  processes,"  are  ossified  before  the  "centra." 
Though  the  fundamental  and  most  constant  part  of  a  vertebra,  the  centrum  is  not 
the  most  certain  in  its  ossification;  in  some  animals  (the  Lepidosiren)  it  does  not 
become  ossified  at  all. 
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long  axis  of  the  embryo.  Soon  it  becomes  enclosed  in  a  membra- 
nous slieath,  which  assmnes  a  fibrous  structure ;  and  it  con-esponds 
at  this  time  with  the  permanent  condition  of  the  "  Lancelet^"  In 
this  membranous  sheath  the  cartilaginous  bodies  of  the  vertebras 
are  soon  formed,  while  the  chorda  dorsalis  itself  gradually  shrinks 
and  disappears,  with  the  exception  of  the  portions  left  between  the 
vertebral  bodies,  which  are  converted  into  the  intervertebral  sub- 
stances. In  some  fishes  it  is  persistent,  being  continued  from  end 
to  end  of  the  column  tln-ough  the  centres  of  the  bodies  of  the  verte- 
br£e,  which  in  them  are  ring-shaped,  instead  of  being  solid  cylinders 
as  in  other  vertebrates. 

The  "chorda  dorsalis"  appears  first  in  the  germinal  membrane 
as  a  line ;  by  the  elevation  of  the  membrane  on  either  side  the  line 
becomes  a  groove  with  the  chorda  dorsalis  at  the  bottom:  gradually 
the  gToove  becomes  deeper,  and  nervous  elements — the  "neural 
laminje" — are  developed  at  the  sides  and  bottom  of  the  groove,  and 
constitute  the  rudiments  of  the  spinal  cord.  The  outer  membranous 
sheath  of  the  chorda  dorsalis,  which  is  in  the  middle  line  situated 
beneath  the  nervous  structure,  is  prolonged  into  the  sides  of  the 
groove,  external  to  the  neural  laminge,  and  forms  the  rudimentary 
"  vertebral  plates"  or  "  laminas."  These  two  stractures — the  nem-al 
and  vertebral  laminee — growing  up  together  from  either  side  of  the 
groove  and  bending  in  towards  the  middle  line,  coalesce  with  those 
of  the  opposite  side  so  as  to  form  a  nervous  tube  included  in  a 
vertebral  tube.  As  the  two  structures  grow  and  assume  their 
respective  characters  they  become  distinct,  and,  to  a  certain  extent, 
detached  or  separated  from  one  another.  The  separation  takes 
place  latest  in  the  part  of  the  canal  last  formed ;  that  is,  along  the 
median  line  behind,  or,  more  properly,  above.  (These  processes 
are  partly  illustrated  by  the  diagrams  in  Plate  III.  figs.  1,  2,  3,  4.) 
Formation  of  Thus  the  ucrvous  caual  and  the  vertebral  canal  are 

the  vertebras,  formed  together.  In  about  a  month  the  rudiments  of 
the  individual  vertebree  are  visible,  their  several  formation  being 
the  result  of  the  conversion  of  the  vertebral  laminge  into  cartilage 


1  Owen's  Lectures  on  Comparative  Anatomy/,  ii.  45. 
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at  certain  points  on  either  side,  and  in  front,  of  the  canaP.  Fig.  6, 
in  Plate  III.  is  a  drawing  of  the  spine  of  a  human  foetus  of  about 
a  month.  The  median  white  line  is  the  spinal  cord.  The  broad 
oblong  white  spots  or  streaks,  arranged  in  a  row  on  either  side, 
having  their  long  diameter  at  right  angles  to  the  cord,  I  clearly  made 
out  to  be  the  rudimentary  vertebral  arches.  This  view  was  taken 
from  behind.  The  anterior  aspect  given  at  fig.  5  shows,  along  the 
median  line,  a  row  of  spots  (represented  dark,  though  in  the  speci- 
men they  had  a  transparent,  slightly  bluish  appearance,  with  dark 
lines  between  them).  These  are  the  rudimentary  bodies;  and  the 
arches  can  be  seen  on  either  side  approaching  to  meet  them.  Each 
vertebra  is  thus  formed  of  three  primitive  cartilaginous  portions ; 
one  in  the  situation  of  the  original  "chorda  dorsalis"  for  its  body, 
and  one  on  either  side  for  the  arch.     In  each  of  these  cartilaginous 


DESCRIPTION  OF   PLATE  III. 

Development  of  the  Spine. 

Figs.  I,  2,  3,  4,  (from  Eeichert,  Das EntxcicTcelungslehen  im  Wirhelthier-Reich.  1840), 
are  diagrammatic  representations  of  transverse  sections  of  the  ovum  of  a  frog  showing 
the  development  of  the  rudimentary  nervous  and  vertebral  systems.  T  is  the  yolk, 
/  the  investing  membrane,  Ch.  the  chorda  dorsalis,  V  the  vertebral  plates  with  their 
upward  and  downward  prolongations;  the  latter  are  in  close  relation  with  iV,  the  rudi- 
mentary nervous  centres.  They  grow  up  together,  and  in  Fig.  3  have  covered  in  the 
neural  canal,  but  remain  united  at  the  uppermost  part.  In  Fig.  4  they  are  more 
nearly  separated,  and  the  nervous  centres  are  separated  from  the  chorda  dorsalis  by 
the  growth  of  the  vertebral  bodies  around  the  latter.  C  is  the  cutaneous  system,  A 
the  depression  in  the  yolk  beneath  the  germinal  part. 

Fig-  5-  Spine  of  a  human  foetus  set.  a  month,  seen  from  the  front.  The  row  of 
dark  spots  in  the  median  line  represents  the  vertebral  bodies,  and  the  parallel  broad 
white  lines  on  either  side  the  vertebral  arches. 

Fig.  6.  The  same  viewed  from  behind.  The  median  white  line  is  the  nervous 
centre,   the  broad  streaks  on  either  side  are  the  vertebral  arches. 

Fig  7.  Longitudinal  section  through  spine  of  a  human  foetus  set.  under  three 
months,  showing  the  square  cartilaginous  vertebral  bodies  separated  by  distinct  lines 
which  are  the  invertebral  spaces.  There  are  minute  specks  of  ossification  in  the  verte- 
bral bodies  of  the  dorsum. 

Fig.  8.  Back  view  of  the  same  foetus ;  the  arches  have  nearly  or  quite  coalesced 
in  the  dorsal  region,  are  still  separated  by  a  considerable  interval  above  and  below  that 
part. 

^  Kathke,  Entwichelunysyeschichte  der  Natter,  Taf.  i.  fig.  3.  Keichert,  Das  Ent- 
wkkelungslehen  in   Wirhelthier-Reich.  Taf.  iii.  and  v. 
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elements  a  centre  of  ossification  appears  about  the  third  month  or 
earlier ;  those  in  the  arches  generally  preceding  those  in  the  bodies : 
though  they  do  not  invariably  do  so  at  every  part  of  the  column,  as 
is  proved  by  the  drawing  at  iig.  7,  which  represents  a  section  of  a 
human  foetus,  under  three  months,  Avhere  there  were  faint  traces  of 
incipient  ossification,  in  the  form  of  minute  opaque  specks  in  the 
middle  of  the  bodies  of  the  lower  dorsal  vertebrse,  the  arches 
remaining  cartilaginous^.  It  will  be  perceived  that  at  this  time 
the  cartilages  forming  the  bodies  of  the  vertebrce  are  well  formed, 
with  squared  edges,  and  the  intervertebral  spaces,  though  mere 
lines,  are  quite  distinct.  The  dorsal  view  of  the  same  foetus  given 
in  figure  8,  shows  that  the  vertebral  arches  have  reached  the  middle 
line  in  the  back,  becoming  quite  or  nearly  united  together;  whereas 
in  the  cervical,  lumbar,  and  sacral  regions,  there  is  a  considerable 
interspace  between  them.  The  last  vertebra  in  which  they  meet 
is  the  upper  sacral,  which,  it  may  be  remarked,  is  the  most  fre- 
quent seat  of  spina  bifida. 

Spine  at  8  Fig.  1  in  PI.  IV.  sliows  tlic  ossificatiou  in  a  much 

months.  more  advanced  state.     It  represents  a   section   of  the 

spine  of  a  foetus  of  about  8  months.  In  the  middle  of  each  body, 
surrounded  entirely  by  cartilage,  is  a  lens-shaped  mass  of  bone, 
which  is  traversed,  from  behind  forw^ards,  near   the   middle,  by 


^  It  appears  as  a  general  rule  that  the  vertebral  bodies  are  formed  into  cartilage  at 
an  earlier  period  than  the  arches,  but  that  the  ossification  of  the  latter  precedes  that  of 
the  former.  Hildebrandt's  Anatomic,  II.  162.  According  to  Beclard  (Meckel's 
Arckiv,  VI.  408,)  ossification  begins  in  the  arches  between  the  fortieth  and  forty -fifth 
day,  in  the  bodies  a  few  days  later;  in  the  former  commencing  in  the  atlas  and  travel- 
ling downwards ;  in  the  latter  commencing  at  the  lower  part  of  the  back,  about  the 
ninth  or  tenth  dorsal  vertebrce,  and  travelling  upwards  and  downwards.  Thus  at 
three  months  the  nucleus  of  the  last  dorsal  body  is  the  largest ;  at  the  fourth  month 
that  of  the  first  lumbar  has  outgro-mi  it ;  at  five  months  and  a  half  that  of  the  third 
lumbar  body,  and  at  birth  the  fourth  exceeds  the  others.  Tlie  same  anatomist  says, 
that  at  birth  the  upper  six  dorsal  arches  are  united  behind;  that  a  year  after  birth  aU. 
the  arches  are  united  behind,  except  those  of  the  upper  two  cervical,  the  lower  lumbar, 
and  the  sacrum  ;  at  two  years  and  a  half  the  upper  sacral  arch  alone  remains  unclosed ; 
and  at  four  and  a  half  all  the  arches  have  coalesced.  The  arches  unite  together  before 
they  unite  with  the  bodies. 

The  commencement  of  ossification  in  the  lower  part  of  the  back  in  the  human 
foetus  reminds  us  that  in  some  of  the  inferior  animals,  when  full  grown,  the  vertebrae 
of  this  region  equal  in  size  or  exceed  those  of  the  loins. 
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canals  for  blood-vessels.  Some  of  these  are  seen  in  tlie  lumbar 
vertebrse,  where  the  section  has  passed  through  them.  In  the  back 
the  antero-posterior  diameter  of  the  osseous  nucleus  is  rather 
greater,  and  the  upper  and  lower  surfaces  are  rather  flatter  than  in 
the  loins,  where  the  nucleus  has  a  more  spherical  shape.  In  the 
neck  the  shape  is  intermediate  between  that  in  the  loins  and  in  the 
back.  The  nucleus  for  the  odontoid  process  of  the  second  vertebra 
is  prolonged  a  little  towards  the  skull.  In  other  respects  it  resem- 
bles the  nuclei  of  the  bodies  of  the  other  vertebra.     At  present 


DESCRIPTION  OF  PLATE  IV. 

Fig.  I .  Section,  from  before  backwards  down  the  middle,  of  the  spine  of  a  fcetua  of 
8  months,  with  the  side  of  the  base  of  the  skull  and  the  pelvis.  It  shows  the  shapes  of 
the  ossified  portions  of  the  bodies  at  that  time,  and  of  the  arches,  which  are  tipped  with 
cartilage.  The  curve,  which  is  seen  in  the  dorsal  portion,  has  been  acquired  since  the 
suspension  of  the  preparation  in  spirit.  A  is  the  fore  part  of  the  ring  of  the  atlas,  B  the 
basilar  part  of  the  occipital  bone,  G  the  ring  surrounding  the  foramen  magnum,  D  the 
hinder  part  of  the  body  of  the  sphenoid,  E  the  fore  part  of  the  body  of  the  sphenoid. 
These  three  osseous  nuclei  for  the  occipital  and  sphenoid  bones  are  imbedded  in  square 
pieces  of  cartilage,  resembling  those  of  the  vertebrte,  and  separated  by  linear  spaces 
resembling  the  intervertebral  spaces.  The  cartilage  of  the  fore  part  of  the  sphenoid 
is  continuous  with  F  the  cartilage  of  the  median  plate  of  the  sethmoid.  G  is  the  nasal 
bone,  H  the  vomer,  /  the  intermaxillary  bone,  K  the  squamous  part  of  the  temporal 
bone,  L  the  vacancy  in  the  petrous  bone  between  M  the  superior  semicircular  canal 
and  N  the  internal  auditory  meatus.  0,  P,  Q,  are  the  osseous  centres  of  the  ilium, 
pubes,  and  ischium. 

Figs.  2,  3,  4,  5.  Transverse  sections  through  (2)  a  cervical,  (3)  a  dorsal,  (4)  a 
lumbar,  and  (5)  a  sacral  vertebra  of  an  eight-month  foetus,  showing  the  relations 
between  the  nuclei  of  the  arches  and  those  of  the  bodies.  They  are  connected  by  the 
cartilage  in  which  they  are  imbedded.  A  one  side  of  the  arch,  B  its  hinder  carti- 
laginous tip,  O  the  transverse  process  tipped  with  cartilage,  I)  the  rib,  with  B  its 
cartilaginous  terminal  portion,  which  separates  it  from  the  body  and  transverse  process 
of  the  vertebra,  F  the  ala  of  the  ilium  with  G  its  cartilaginous  hinder  extremity,  S 
the  nucleus  in  the  ala  of  the  sacrum. 

Figs.  6,  7,  8.  The  osseous  parts  of  (6)  a  cervical,  (7)  a  dorsal,  and  (8)  a  lumbar 
vertebra  of  a  child  at  birth.  The  shapes  of  the  central  nuclei  foreshadow  the  future 
shapes  of  the  bodies,  and  have  reference  to  the  future  curves  of  the  spine.  A  the 
arch,  C  the  transverse  process,  D  the  pedicle  of  the  arch.  In  Fig.  6  the  arches  are 
placed  rather  further  from  the  centre  than  natural,  to  show  the  size  of  the  anterior 
extremities  of  their  pedicles  in  the  neck. 

Fig.  9.  A  vertical  section  from  side  to  side  through  the  bodies  of  three  lumbar 
vertebrae  before  the  time  of  birth,  showing  the  osseous  nuclei  imbedded  in  the  cartilage, 
and  perforated  by  a  large  irregular  channel  on  either  side  of  the  median  line. 
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the  shape  of  the  bodies  is  dependent  entirely  upon  the  cartilage 
in  which  each  osseous  nucleus  is  embedded.  Between  the  several 
cartilages  are  linear  spaces — the  intervertebral  spaces.  These 
contain  at  their  middle  only  fluid,  or,  at  most,  a  delicate  areolar 
tissue,  which  is  enclosed  at  their  circumference  by  dense,  fibrous 
structure,  binding  together  the  marginal  parts  of  the  cartilages. 
The  osseous  nucleus  is  well  marked  in  the  upper  three,  and  is 
perceptible  in  the  lower  two,  bones  of  the  sacrum.  It  has  not 
appeared  in  either  of  the  cartilages  of  the  coccyx. 

The  arches  are  osseous,  in  a  considerable  part  of  their  extent, 
all  the  way  down,  except  in  the  lower  part  of  the  sacrum.  In  the 
middle  line  they  are  all  cartilaginous.  Each  arch  is  made  up  of 
two  lateral  portions — neural  processes  as  they  are  called — which  in 
front  are  connected  with  the  sides  of  the  cartilage  of  the  centrum, 
and  behind  are  united  to  one  another  by  a  piece  of  cartilage,  into 
which  the  spinous  process  subsequently  grows  and  bears  one  or  two 
separate  nuclei  at  its  extremity.  From  each  of  the  lateral  portions 
project  the  two  articulating  processes  and  one  or  two  transverse 
processes.  The  former  have  not  usually  separate  centres  of  ossifi- 
cation. The  latter  are  at  present  cartilaginous ;  but  osseous  nuclei 
are  subsequently  developed  in  their  extremities.  Figs.  6,  7,  8  in 
PL  lY.  show  the  shapes  of  the  arches,  and  the  osseous  nuclei  of  the 
bodies  fi-om  different  parts  of  the  column  after  they  have  been 
dried  and  macerated.  The  nucleus  of  the  body  of  the  lumbar 
vertebra  (fig.  8)  is  large  and  elongated  transversely  into  an  ovoid 
form.  It  is  also  slightly  curved  with  the  convexity  in  front. 
That  of  the  dorsal  vertebra  is  flat  and  heart-shaped,  with  the 
apex  directed  forwards.  The  cervical  nucleus  presents  an  inter- 
mediate form.  Each  is  composed  of  a  thick,  dense,  upjoer  and 
lower  lamina,  with  a  cancellous  portion  between  them.  The  latter 
is  very  evident  in  front  causing  quite  a  deep  transverse  notch  in 
the  dried  bone:  it  is  also  conspicuous  behind  where  the  large 
vessels  enter. 

Spine  of  I^^  Plate  V.  drawn  from  the  vertebral  column  of  a 

young  cMid.  youug  child,  the  osscous  nuclei  of  the  vertebral  bodies 
have  attained  considerable  size ;  but  each  still  consists  of  a  dense 
lamina  above  and  below,  with  a  more  cancellous  structure  in  the 
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middle.  They  are  imbedded  in  cartilage  which  partially  obscures 
them  and  separates  them  from  the  intervertebral  substances  and 
from  the  anterior  extremities  of  the  arches.  The  latter  are 
advancing  to  meet  them  and  are  in  close  contact  with  them 
behind,  though  there  is  still  a  considerable  thickness  of  intervening 
cartilage  in  front.  The  transverse  processes  have  shot  out  to  a 
considerable  length.  They  are  continuous  with  the  arches  at  one 
end  and  have  cartilaginous  prolongations  at  the  other. 

The  hinder  view  of  the  same  preparation  shows  well  the  direc- 
tion of  the  several  neural  processes.  Those  in  the  cervical  region 
are  nearly  cylindrical  and  almost  horizontal.  Their  approximated 
extremities  nearly  touch  one  another  in  the  middle  line,  and  run  on  a 
little  way  together,  side  by  side,  so  that  a  slight  further  prolongation 
of  them  would  make  the  bifid  spinous  processes.  Each  one  is  tipped 
with  cartilage.  In  the  back  the  neural  processes  are  broader  and 
directed  more  obliquely  downwards.  Their  upper  edges  approach 
one  another  in  the  median  line,  but  do  not  quite  touch ;  and  the 
angular  interval  between  their  extremities  is  occupied  by  a  lozenge- 
shaped  piece  of  cartilage.  This  cartilage  is  continued  along  the 
inferior  border  of  the  neural  processes,  which  grow  by  deposition 


DESCEIPTION   OF   PLATE   V. 

Fig.  I.  Anterior  view  of  spine  of  a  child  set.  about  nine  months.  The  atlas  has 
been  removed.  It  appears  as  though  there  were  three  nuclei  in  the  fore  part  of  the 
dentata,  viz.  one  {A)  for  the  odontoid  process  on  either  side,  and  one  {B)  in  the 
middle  line  for  the  lower  part  of  the  body.  It  is  probable,  however,  that  the  two 
former  are  blended  behind,  the  nucleus  for  the  odontoid  being  commonly  single  at 
a  much  earlier  period,  if  not  from  the  first.  The  nuclei  for  the  bodies  of  the  several 
vertebras  {B)  are  still  imbedded  in  cartilage,  and  are  separated  by  it  from  the  neural 
pedicles  (6').  The  anterior  wall  of  the  several  foramina  in  the  cervical  transverse  pro- 
cesses (D)  are  cartilaginous,  except  that  of  the  seventh  {E),  where  it  is  formed  by  a 
separate  osseous  bar.  F  the  osseous  nuclei  for  the  ala  of  the  first  sacral  bone  ;  G  ditto 
of  the  second. 

Fig.  2.  Hinder  view  of  the  same,  showing  the  shape  and  direction  of  the  arches 
in  different  parts  of  the  column.  A  the  cartilaginous  extremities  of  the  arches. 
In  the  neck  those  of  either  side  are  separate ;  in  the  back  they  are  united  into  a  tri- 
angular piece ;  and  in  the  lower  part  of  the  back  and  loins  they  are  continuous  with  a 
rim  of  cartilage  upon  the  under  edges  of  the  laminte  of  the  arches.  At  the  upper  part 
of  the  sacrum  the  ossification  of  the  arches  is  very  incomplete,  and  at  the  lower  part 
the  arches  are  scarcely  formed  at  all  even  in  cartilage. 
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on  tlie  lower  edge,  rather  than  on  the  upper,  where  there  is  no 
cartihige.  The  arches  are  thus  continually  deepened  from  below, 
and  overlap  those  beneath  more  and  more\  The  lumbar  neural 
processes  are  wider  than  those  in  the  back,  but  less  oblique,  their 
extremities  present  a  deeper  surface  to  one  another,  and  the  interval 
between  them  is  filled  up  by  square  plates  of  cartilage,  which  pro- 
ject horizontally  backwards.  The  sacral  neural  processes  are  still 
less  oblique  than  the  lumbar.  They  are  not  so  much  developed ; 
the  upper  one  extending  not  much  more  than  half  way  towards  the 
middle  line ;  the  second  and  third  reach  nearly  two-thirds  across ; 
the  fom-tli  and  fifth  not  so  far.  They  are  united  by  narrow  bands 
of  cartilage  extending  transversely  between  them. 

There  are,  accordino-ly   three  primary  osseous  nuclei 

Eight  osseous       _  '  O  J  '  1  J 

nuclei  in  a  in  cach  vcrtebra,  which  appear  soon  after  the  first  month  ; 
one  in  the  median  line,  in  front,  for  the  body ;  and  one 
on  either  side,  more  behind,  for  each  lateral  portion  of  the  arch. 
The  latter  are  joined  to  one  another,  and  complete  the  bony  arch 
behind  at  about  a  year  after  birth  ;  and  the  spinous,  transverse  and 
articulating  processes  are  only  growths  from  them.  These  lateral, 
portions,  or  arches,  are  not  united  to  the  nucleus  of  the  bodies  till 
the  age  of  four  or  five^.  To  these  three  primary  centres  are  super- 
added certain  secondary  "epiphysial"  points  of  ossification  some 
time  after  puberty.  One  for  the  end  of  the  spinous  process  appears, 
a  little  before  the  others,  in  the  tip  of  the  cartilage  connected  with 
the  united  extremities  of  the  neural  processes^.    Near  the  extremity 


1  In  Plate  IV.  Fig.  i,  the  section  has  in  some  parts  gone  a  little  to  one  side  of  the 
median  line,  and  the  divided  laminje  of  the  arches  are  there  seen  to  consist  of  bone  in 
their  upper,  and  cartilage  in  their  lower  parts. 

^  Rosenmuller  is  said  to  have  described  a  lateral  bifidity  of  the  column,  owing  to  a 
want  of  union  of  the  lateral  portions  with  the  bodies  of  the  vertebrae. 

2  Meckel  states  that  he  has  never  been  able  to  find  a  separate  ossifying  nucleus  for 
the  spinous  processes  of  the  human  vertebra,  except  in  the  instance  of  the  atlas, 
though  be  has  found  them  in  some  animals.  Cuvier  also  says  that  the  spinous  process  is, 
in  man,  an  outgTowth  from  the  united  arches,  not  derived  from  a  separate  nucleus. 
Scemmering  describes  separate  nuc]ei  at  the  extremities  of  the  spinous  processes  in  the 
neck  and  loins,  and  one  at  each  point  of  the  bifid  cervical  spines.  Flamm  and  Albinus 
describe  two  nuclei  in  the  back  and  loins,  one  at  the  base,  and  the  other  near  the 
eitremity  of  the  spinous  process  (Hildebrant's  Anatomie,  II.  164).     Separate  ossicles 
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of  each  transverse  process  a  nucleus  appears  at  about  the  age  of  18. 
In  the  loins  these  are  somethnes  of  considerable  size,  and  remain 
for  a  few  years  separate,  resembling  the  hinder  ribs  of  the  crocodile. 
At  about  18  also  a  nucleus  appears  in  the  cartilaginous  laminae 
above  and  below  the  body  of  each  vertebra,  between  it  and  the 
intervertebral  substance.  The  one  above  is  thicker  than  that 
beneath.  They  are  not  united  to  the  body  till  after  20.  They 
are  much  more  distinct  and  remain  separate  in  some  animals, — 
whales  for  instance.  The  protracted  separation  of  these  epiphyses 
of  the  vertebral  bodies  is  supposed  to  serve  for  the  purpose  of 
affording  a  provision  for  the  lengthening  of  the  spinal  column, 
and  so  permitting  the  growth  of  the  trunk  to  take  place  till  a  late 
period\  The  articulating  processes  have  no  independent  centres 
of  ossification,  with  the  exception  of  the  upper  ones  of  the  lumbar 
and  one  or  two  of  the  adjacent  dorsal  vertebras,  in  which  the 
projections  corresponding  with  the  upper  tubercles  of  the  dorsal 
transverse  processes  (see  page  140)  are  sometimes  developed  from 
separate  nuclei.  Beclard  speaks  of  these  articulating  processes 
as  if  they  were  prolonged  by  means  of  epiphysial  nuclei.  This 
I  have  not  found  to  be  the  case.  It  appears,  therefore,  that  to  the 
3  primary  centres  of  ossification  5  additional  or  epiphysial  nuclei  are 
commonly  added,  making  the  proper  complement  in  each  vertebra 


have  also  been  found  by  Otto  {Seltene  Beobachtungen,  §  aoo,)  at  the  extremities  of  the 
spinous  processes  of  the  seventh  cervical  and  some  of  the  lumbar  vertebrse  :  whether 
these  were  independent  sesamoid  bones  or  the  unattached  nuclei  of  the  parts,  does  not 
appear.  In  a  specimen  in  the  museum  at  Prague,  I  found  the  separate  nuclei  at  the 
extremities  of  the  lumbar  and  dorsal  spinous  processes  quite  distinct.  They  were  not  so 
clear  in  the  neck,  though  I  judged  from  the  appearance  that  there  was  a  nucleus  at  the 
extremity  of  each  spinous  tubercle.  There  were  also  in  this  specimen  distinct  nuclei 
for  the  extremities  of  the  dorsal  and  lumbar  transverse  processes,  and  for  the  upper 
tubercles  on  the  superior  articulating  processes  of  the  lumbar  vertebrse,  but  not  for  the 
articulating  processes  themselves. 

^  Prof.  Luschka  (Vu-chow's  ArcMv,  is.  312)  does  not  admit  the  existence  of  sepa- 
rate epiphysial  nuclei  above  and  below  the  bodies  of  the  vertebree  ;  but  says  that  the 
body  is  completed  by  outgrowth  from  its  one  primary  nucleus  into  the  cartilage  which 
forms  its  upper  and  lower  surface.  They  may  however  be  seen  distinctly  in  a  speci- 
men in  the  Cambridge  Museum,  and  are  found  in  many  animals;  in  some,  the  whale  for 
instance,  as  stated  above,  they  are  permanently  separate  from  the  rest  of  the  body 
of  the  vertebra. 
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to  amount  to  8 ;  viz.  3  for  tlie  body,  2  for  the  arch,  1  upon  the 
spinous  and  1  upon  each  transverse  process.  In  the  neck  there 
may  be  two  upon  the  spinous  process,  and  in  the  loins  there  may 
be  one  upon  each  upper  articuhiting  process. 

There  can  be  no  doubt  that,  as  a  rule,  the  primary 
nuclei  in  the  osscous  uucleus  of  the  Vertebral  body  is  single.  It  may 
bod}-  of  a         i^g  gggj^  ^Q  l^g  gQ  j^g  gQQj^  ^g  -^  -g  yigi]3ig  ^q  ^|^g  naked  eye. 

vertebra.  •' 

I  have  examined  many  foetal  spines  with  gTeat  care 
without  ever  finding  two  nuclei,  and  Meckel,  in  spite  of  diligent 
search,  could  never  find  more  than  one  nucleus  in  the  body  of 
each  vertebra.  Nevertheless  there  are  several  things  which  suggest 
that  in  the  complete  or  "typical"  vertebra  two  nuclei  should  be 
allowed  to  this  part,  one  on  either  side  of  the  median  line.  For 
instance,  two  nuclei  are  said  to  exist  in  the  odontoid  part  of  the 
axis  and  in  each  division  of  the  sphenoid.  There  are  usually  two 
foramina  for  vessels,  one  on  either  side  of  the  middle  line  behind ; 
and  a  superficial  notch  or  longitudinal  groove  may  be  sometimes 
found  on  the  fore  part  of  the  vertebral  bodies.  Instances  are  re- 
lated by  Kokitansky  of  the  deficiency  of  one  half  of  a  vertebra, 
and  of  "  angular  curvatm-e  produced  by  the  12  th  dorsal  vertebra 
consisting  of  two  divided  lateral  halves."  An  interesting  example 
of  deficiency  of  the  left  half  of  the  11th  dorsal  vertebra  is  given 
by  Otto^;  and  a  still  more  remarkable  specimen  of  congenital 
malformation  in  the  neck  and  upper  part  of  the  back  is  represented 
by  Sandifort^.  In  it  one  half  of  the  body  of  each  of  the  7th 
cervical,  the  9th  and  11th  dorsal  vertebrse,  is  absent,  the  remain- 
ing half  being  wedge-shaped.  In  some  of  the  bodies  lower  down 
there  are  two  distinct  nuclei,  one  on  either  side  of  the  middle  line. 
In  the  Museum  of  the  College  of  Surgeons  is  a  specimen  of  mal- 
formed foetus  with  the  lower  part  of  the  spine  cleft  in  twain,  each 
half  connected  with  a  side  of  the  pelvis  and  a  lower  extremity. 


^  Seltene  Beohachtungcn,  2te  Sammlung,  §  15.  In  the  nth  dorsal  vertebra  the 
left  half  was  absent ;  the  right  half  of  the  body  with  the  arch  and  processes  of  that 
side  were  natural,  except  that  the  former  was  wedge-shaped,  and  the  spinous  process 
had  become  fused  with  the  left  side  of  the  arch  of  the  12th  vertebra.  The  spine  was 
bent  at  the  part.    In  other  respects  the  skeleton  was  natural. 

2  Tab.  CLSXVIII.  figs.  2  and  3. 
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The  bodies  appear  to  be  divided  in  two,  but  this  cannot  be  seen 
quite  clearly.  In  a  specimen  of  cervical  spina  bifida  in  the  museum 
at  Berlin,  I  found  several  vertebral  bodies  consisting  of  two 
halves,  with  an  ojDening  between  the  two,  through  which  a  com- 
munication was  established  with  the  space  in  front  of  the  column. 
In  another  specimen  there  was  a  similar  condition  of  the  vertebral 
bodies  in  the  back.  Another  instance  is  given  by  Albers,  {Atlas 
der  Path.  Anat.  Bonn,  1847).  So  that  there  is  sufficient  evidence 
of  the  occasional  development  of  the  vertebral  bodies  from  two 
nuclei  laterally  disposed.  Muller^  says,  "  the  form  of  the  centre 
of  ossification  of  the  body  of  a  vertebra  is  bilobed,  only  in  the 
sacral  vertebra  of  a  bird  have  I  ever  seen  it  in  the  form  of  two 
distinct  ossifying  points." 

■^^^^^^•^  The  amount  contributed  to  the   formation   of   the 

pedicles  con-      several  vertebrfe  by  the   central   and   lateral   portions 

tribute  to  .... 

formation  of  respectively,  differs  in  different  parts  of  tlie  column. 
In  all  parts  the  anterior  pedicles  of  the  lateral  or 
"  neural "  portions  advance  forwards  beyond  the  intervertebral 
foramina,  and  assist  to  form  the  lateral  and  j)OSterior  parts  of  the 
bodies.  Hence  the  bodies  are  derived  in  their  median  parts  only 
from  their  own  nuclei ;  tlieir  lateral  portions  are  contributed  by  the 
osseous  nuclei  of  the  arches,  and  the  amount  so  contributed  in- 
creases as  we  trace  the  bones  upwards  from  the  lower  part  of  the 
column.  Thus  in  the  coccyx  and  sacrum  the  bodies  are  formed 
almost  entirely  from  the  central  nuclei.  In  the  lumbar  vertebrge 
the  lateral  and  hinder  parts  of  the  bodies  are  formed  from  the 
pedicles,  of  the  arches.  In  the  back  the  pedicles  extend  as  far 
forwards  as  the  heads  of  the  ribs,  these  being  entirely  supj^orted 
by  them.  In  the  neck  the  middle  level  portion  of  each  body  is 
the  only  part  formed  from  its  own  nucleus ;  the  sides,  which  are 
shifted  a  little  upwards,  so  as  to  overlap  tliose  above  and  be  over- 
lapped by  those  below,  are  derived  from  the  arches.  (PI.  IV.  figs. 
2  to  8,  and  PI.  VI.  figs.  2,  3,  4.)  In  the  axis  the  pedicles  advance 
on  either  side  nearly  half-Avay  to  the  middle  line  (PI.  VII.  fig.  5) ; 
and  in  the  atlas  the  prolonged  pedicles,  advancing  quite  in  front 


1  Physlolof/y,  by  Baly,  p.  1613. 


processes  m 
the  different 
regions : 
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of  its  body  and  constituting  the  fore   part  of  its  arch,  are  united 
together  in  the  middle  line.     (PL  A' III.) 

A  few   other  points   of  peculiarity  in  the  mode  of 
"^"'   ^  development  of  the  vertebree  in    different   regions    re- 

main to  be  mentioned.  They  relate  more  particularly 
to  the  transverse  processes.  We  have  observed  (page, 
121)  that  these  are  merely  outgroivths  from  the  sides  of  the  arches, 
and  that  they  are  tipped  with  cartilage,  in  which  are  developed 
epiphysial  nuclei ;  and  we  must  be  careful  to  bear  in  mind  the 
distinction  between  the  transverse  processes  themselves  and  their 
epiphysial  nuclei;  the  former  are  mere  projections  from  the  arch, 
the  latter  are  independent  osseous  centres.  In  the  neck  there  are 
two  transverse  processes  on  either  side,    one    in   front 

in  the  iN'eck,  _^       _   ,      „ 

of  the  other.  (PI.  IV.  figs.  2  and  6  c.)  One— the 
posterior — springs  from  the  neural  process,  where  its  pedicle  bends 
inward  from  its  articulating  portion.  The  other — the  anterior — • 
springs  from  near  the  anterior  extremity  of  the  neural  pedicle. 
They  enclose  bet^veen  them  the  foramen  for  the  vertebral  artery, 
and  are  at  first  united  at  their  extremities,  or  near  their  extremities, 
by  cartilage,  which  subsequently  becomes  ossified,  owing  to  an 
extension  of  ossification  into  it  from  the  processes,  without  there 
being  usually  any  separate  nucleus  L  Of  these  two  transverse 
processes  the  hinder  one  is  the  more  developed  in  the  upper  three 
vertebrse ;  in  the  4th,  5tli  and  6th,  the  anterior  ones  become 
more  prominent.  In  the  7th  the  anterior  scarcely  projects  at  all. 
In  the  back  the  "  transverse  process "  corresponds 

in  the  Back,  •  ^  ~\  '  c  ^ 

With  and  springs  from  the  same  part  of  the  arch  as  the 
posterior  transverse  process  in  the  neck.  (PI.  IV.  figs.  3  and  7  c.) 
At  its  extremity  a  separate  osseous  nucleus  is  superadded,  from 
which  the  part  of  the  process  that  bears  the  articulating  facet 
for  the  rib  is  developed.  The  analogue  of  the  anterior  transverse 
process  of  the  neck  is,  however,  suppressed.  The  articulating  facet 
for  the  rib  upon  the  side  of  the  body — or  rather  upon  the  extremity 


^  In  the  crocodile  there  is  a  separate  nucleus,  from  which  the  extremities  of  both 
transverse  processes  and  the  intervening  outer  margin  of  the  foramen  are  formed. 
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of  the  neural  pedicle — is  its  representative.  Its  place  is  occupied 
by  the  rib,  which  may  be  the  representative  of  its  epiphysial 
nucleus ;  and  the  interval  between  the  neck  of  the  rib  and  the 
transverse  process  corresponds,  or  nearly  corresponds,  with  the 
foramen  for  the  vertebral  artery. 

In  the  loins  there  is  no  trace  of  the  anterior  trans- 

in  the  Loins,  . 

verse  process.  I  he  posterior  transverse  process  (PI.  IV. 
figs.  4  and  8  c)  retains  the  same  position  as  in  the  neck  and  back ; 
and,  as  if  to  make  amends  for  the  absence  of  any  anterior  trans- 
verse process  or  any  rib,  it  bears  a  more  constant  and  larger  nucleus 
in  the  cartilage  at  its  extremity.  This  occasionally  remains  sepa- 
rate and  exceeds  its  ordinary  dimensions,  forming  a  sort  of  super- 
numerary rib. 

In  the  sacrum  the  analogue  of  the  posterior  transverse 

in  tlie  Sacnuu, 

process  (PL  IV.  fig.  5  c)  occupies  nearly  the  same  rela- 
tive position  as  in  other  parts  of  the  column.  It  becomes  united 
with  those  of  the  other  component  vertebrae  of  this  bone  above  and 
below.  There  is  no  anterior  transverse  process.  But  in  each  of 
the  upper  two  bones  a  separate  nucleus  is  formed  on  either  side 
of  the  ala ;  and  this  seems  to  answer  to  the  epiphysial  nucleus 
of  the  anterior  transverse  process,  that  is  to  say,  to  a  rib.  (PL  IV. 
fig.  5  H,  and  PL  V.  fig.  1  r,  g.)  In  the  lower  three  bones  of  the 
sacrum  there  is  no  such  representative  present.  The  ilium,  which 
overlaps  the  exterior  of  the  bone  (PL  IV.  fig.  5f),  is  quite  a 
separate  structure ;  it  corresponds  with  the  scapula  of  the  upper 
extremity. 

in  7th  cervical  ^^^  ^^^^  "^^^^  ccrvical  vertebra  the  transverse  processes 

vertebra,  indicate  an  intermediate  condition  between  the  trans- 

verse processes  of  the  neck  and  those  of  the  back.  The  hinder 
process  corresponds  with  those  above  and  below.  But  the  ante- 
rior one,  though  much  resembling  those  of  the  other  vertebrse 
of  the  neck,  and,  in  the  adult,  like  them,  forming  one  with  the 
rest  of  the  bone,  is  developed  from  a  separate  nucleus  (see  PL  V. 
fig.  1  e),  which  corresponds  with  the  head  and  neck  of  a  rib.  It 
appears,  according  to  Beclard,  at  about  the  third  month  of  foetal 
life,  and  unites  with  the  rest  of  the  vertebra  at  about  the  5th 
year.     It  does  not  always  form  the  anterior  wall  of  the  foramen  for 
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the  vertebral  veiii^,  being  sometimes  separated  from  it  by  a  thin 
lamina  of  bone.     (PI.  YI.  fig.  1  D.)  2. 

It  now  and  then  happens  that  this  nucleus,  remaining 

CGr\'iciil  ribs 

separate  from  its  vertebra,  shoots  beyond  its  ordinary 
dimensions,  runs  parallel,  or  nearly  so,  with  the  first  rib,  and  forms 
what  is  called  a  "  supernumerary,"  or  "  cervical  rib."  It  does  not 
commonly  rmi  more  than  half  way  to  the  sternmu.  Its  extremity 
may  either  remain  free — "floating" — resembling  the  "asternal" 
ribs  of  birds,  or  it  may  be  joined  to  the  first  true  rib.  In  the 
preparation  represented  in  PI.  VI.  fig.  1,  which  I  took  from  a  yomig 
woman,  the  left  cendcal  rib  is  floating,  the  right  is  swollen  out  at 
its  extremity  into  a  broad  uneven  surface,  which  was  united  by 
fibrous  tissue  to  an  outgrowth  from  the  upper  and  inner  surface  of 
the  first  true  rib.  It  will  be  observed  that  on  the  left  side  the 
cer\'ical  rib  covers  in  the  foramen  for  the  vertebral  vein,  completing 
its  anterior  wall ;  whereas  on  the  right  side  it  is  separated  fi-om  the 
foramen  by  a  distinct  lamina  of  bone,  Avhich  is  the  diminutive 
coiTespoudent  of  the  true  anterior  transverse  process  of  the  other 
cer\dcal  vertebrse,  that  is  to  say,  of  the  transverse  process,  which  is 
an  outgrowth  from  the  extremity  of  the  neural  pedicle^. 

„  ,     ,  The  lower  two  of  the  nine  cervical  vertebrae  of  the 

usually  found 

in  the  three-  thrcc-toed  slotli  usually  bear  ribs.  In  the  specimen  in 
the  Cambridge  Museum  they  are  connected  only  with 
the  extremities  of  the  posterior  transverse  processes,  like  many  of 
the  ribs  in  the  crocodile,  and  like  those  which  are  occasionally 
found  upon  the  Imnbar  transverse  processes  in  man. 


^  I  call  it  "foramen  for  the  vertebral  vein,"  though  it  is  often  traversed  by  neither 
the  artery  nor  the  vein. 

^  The  presence  of  a  separate  nucleus  at  this  part  is  not  always  confined  to  the 
lowest  cervical  vertebra.  Meckel  {Archiv,  i.  Taf.  vi.  Figs.  lo — 13)  found,  in  a  child 
set.  9  months,  separate  nuclei  for  the  fore  part  of  the  transverse  processes  of  the 
seventh,  fifth,  sixth,  and  second  cervical  vertebrae.  These  were  small,  and  did  not  in 
each  instance  form  part  of  the  foramen  for  the  vertebral  artery.  Blandin  (Nouveaux 
Elemens  d'Anatomie,  i.  37)  found  these  "costiform  epiphyses"  in  the  third,  fifth,  and 
sixth  cervical  vertebra  of  each  of  three  foetuses  at  the  third,  fourth,  and  fifth  months 
respectively. 

^  Dr  Knox  has  described  several  examples  resembling  the  above  in  the  London 
MtdicaJ,  Gazette,  Yol.  xxxni.  .      _      . 
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We  cannot  fail  to  be  struck  hy  the  curious  coinci- 
aiwaysmove-  dcuce  wliicli  tlicsc  cervical  ribs  present  in  the  preter- 
aiiie  upon  their  j-^^tural  development  of  the  osseous  nucleus  in  which 

vertebrae.  i^ 

they  originate,  and  its  want  of  coalescence  with  the 
parent  vertebra.  When  the  nucleus  retains  only  its  proper 
dimensions  it  acquires  a  bony  connexion  with  its  vertebra;  when 
it  exceeds  them  and  sprouts  into  a  rib,  it  invariably,  so  far  as 
I  know,  remains  separate.  I  have  not  met  with  or  read  of  an 
exception  to  this  rule  eitlier  in  the  neck  or  in  the  loins.  It  pro- 
bably results  from  its  being  necessary  for  the  part  to  be  moveable 
when  it  exceeds  the  usual  size,  rather  than  from  any  general  law 
of  relation  in  a  nucleus  between  its  size  and  its  remaining  sepa- 
rate from  the  parent  bones ;  such  relation  not  being  generally 
observable  in  other  parts  of  the  skeleton  of  man  or  animals. 

It  remains  to  consider  the  formation  of  the  upper- 
Formation  of  _  _  ^     ^ 

two  upper         most   two   vertebra3,  which  differ  in   some   particulars 

vGrtsbrsB 

from  those  beneath  them,  especially  in  the  very  remark- 
able point,  that  the  centrum  of  the  first  is  united  with  that  of 
the  second  to  form  its  odontoid  process.  The  atlas  is  accordingly 
separate  from  this  element.  That  such  is  the  true  view  of  the 
case  is  rendered  quite  certain  by  the  fact,  that  in  some  reptiles 
(tortoises  and  perhaps  others)  the  odontoid  process  remains  separate 
from  the  axis,  and  retains,  accordingly,  nearly  the  same  relations  to 
the  atlas,  which  the  centra  do  to  their  respective  vertebree  in  other 
parts  of  the  column. 


DESCRIPTION   OF   PLATE   VI. 

Eig.  I.  Representation  of  cervical  ribs.  A  Transverse  process  of  seventh  cervi- 
cal vertebra,  B  ditto  of  first  dorsal.  The  former  on  the  right  side  is  perforated  by  a 
foramen  which  is  enclosed  in  front  and  separated  from  the  rib  (C)  by  a  lamina  of 
bone  {£>).  The  end  of  the  left  cervical  rib  is  free ;  that  of  the  right  rests  upon  a 
tuberculated  process  (£),  which  has  grown  up  from  the  first  dorsal  rib  (F). 

Fig.  2,  Cervical  vertebra  from  a  young  subject,  showing  A  A  the  lines  of  union 
between  the  lateral  and  central  portions. 

Fig.  3,  a  cervical,  and  Fig.  4,  a  dorsal  vertebra  from  a  young  rabbit.  A  A  the 
same  as  in  Fig.  2. 
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The  arch  and  hodv  of  the  axis  agree  In  the  mode  of 

of  the  axis :  . 

their  development  Avith  the  corresponding  parts  of  the 
vertebra  beneath  it ;  except  that  the  body  is  situate  on  rather 
a  lower  plane  "with  regard  to  the  nem-al  pedicles,  which  advance 
somewhat  nearer  to  the  median  line,  and  curve  downwards  at 
their  anterior  extremities  to  embrace  and  support  it.  (PI.  VII. 
fig.  5.)  These  prolonged  anterior  extremities  of  the  neural  pedi- 
cles  are  sometimes  developed  from  separate  nuclei  Avhich  appear 


DESCRIPTION  OF  PLATE  VII. 

Fig.  I.  The  axis  and  next  three  cervical  vertebrae  at  about  the  fifth  month,  or 
earlier,  with  the  fore  part  of  their  bodies  cut  away  so  as  to  show  the  square  shape  of 
their  nuclei.  Those  of  the  axis  {A  and  £)  are  rather  larger  than  those  of  the  two  next 
below,  that  for  the  odontoid  process  {JB)  being  the  largest.  It  is  also  slightly  bilobed ; 
but  even  at  this  early  period  it  is  single.  CGCC  the  fore  parts  of  the  transverse 
processes. 

Fig.  ■2.  The  upper  six  cervical  vertebrae  at  the  time  of  birth.  They  have  been 
treated  as  in  the  preceding  instance,  the  section  having  been  made  a  little  further  back. 
The  bilobed  nucleus  of  the  axis  {A)  bears  a  piece  of  cartilage  upon  its  notched  sum- 
mit. Its  relation  to  the  sides  of  the  atlas  {B)  is  seen  to  resemble  that  of  the  nuclei 
of  the  other  vertebral  bodies  to  their  respective  lateral  portions. 

Fig.  3.  The  fore  part  of  the  axis  and  six  vertebrae  below  it,  from  a  young  child. 
The  odontoid  nucleus  is  separated  from  the  nucleus  of  the  body  by  a  line  of  cartilage. 
A  separate  nucleus  {A)  is  seen  between  the  anterior  part  of  the  arch  and  the  body  of  the 
axis  on  either  side.  B  the  cartilaginous  top  of  the  odontoid  process.  The  line  of 
contact  of  the  arches  with  the  bodies  of  the  several  vertebrae  is  well  seen. 

Fig.  4,  Front  view  of  the  second,  third,  fourth,  and  part  of  the  fifth  cervical 
vertebrae,  in  a  rather  more  advanced  stage.  There  is  only  a  narrow  cartilaginous 
interval  {A)  near  the  middle,  between  the  odontoid  process  and  the  body  of  the  axis. 
The  arches  are  united  with  the  bodies  in  this  and  in  the  other  vertebrae.  There  is  a 
distinct  osseous  nucleus  {B)  in  the  top  of  the  cartilage  that  forms  the  uppermost  part 
of  the  odontoid  process.     (Drawn  from  a  specimen  in  the  Museum  at  Berlin.) 

Fig.  5.  Axis,  in  an  earlier  stage  of  development  than  in  the  preceding  instance, 
macerated  and  dried.  It  shows  the  forked  summit  of  the  odontoid  process  (which  in 
the  recent  state  is  occupied  by  cartilage),  the  interval  between  the  odontoid  portion 
and  the  body  of  the  axis  in  the  middle,  and  the  line  of  union  of  the  odontoid  portion 
and  the  remainder  of  the  body  with  the  lateral  parts  of  the  vertebra. 

Fig.  6.  Section  of  an  adult  axis.  A  an  interval  in  the  middle  of  the  bone  between 
the  odontoid  portion  and  the  rest  of  the  body,  like  that  between  the  component  por- 
tions of  the  sphenoid  bone  and  of  the  sacrum.  The  dense  portion  of  the  odontoid 
between  BC,  DE  is  the  part  between  the  articulating  facets  upon  its  anterior  and  pos- 
terior surfaces.  The  more  cancellous  portion  above  BC  is  the  part  produced  from  the 
separate  nucleus  represented  in  Fig.  4  at  B. 

Fig.  7.  Axis  from  a  young  rabbit,  shewing  a  separate  osseous  nucleus  in  the 
middle  line  between  the  odontoid  portion  and  the  rest  of  the  body  of  the  vertebra. 
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during  the  first  year,  and  are  joined  to  the  other  parts  in  the  third 
or  fourth  year.     (PL  VII.  fig.  3.)  ^     This  is  an  interesting  fact  in 
relation  to  the  development  of  the  corresponding  parts  of  the  atlas. 
its  odontoid  The    Cartilage   in  which  the  body    of  the    axis    is 

process.  formed  is  prolonged  upwards  into  the  odontoid  process 

without  any  line  of  demarcation,  similar  to  those  which  are 
found  in  the  cartilages  between  the  bodies  of  the  vertebrae  lower 
down  (PI.  IV.  fig.  1),  and  which  are  indicative  of  intervertebral 
spaces.  At  about  the  fourth  month  a  nucleus  appears  in  the 
base  of  the  odontoid  process.  It  is  bilobed  (PI.  VII.  fig.  1), 
either  being  originally  made  so,  or  being  formed  from  tv/o  nuclei, 
one  on  either  side  of  the  middle  line,  which  are  in  close  contact, 
and  which  coalesce  very  early.  It  becomes  dense  and  soon  grows 
upwards  in  the  middle,  acquiring  the  shape  of  a  cone  which  is 
deeply  cleft  from  before  backwards  at  the  summit  (fig.  2),  and 
which  is  surmounted  by  a  diamond-shaped  piece  of  cartilage  (figs. 
3  and  4).  It  is  supported  on  either  side  by  the  pedicles  of  the 
neural  arches,  and  becomes  united  with  them  about  the  fourth  or 
fifth  year ;  a  cartilaginous  interval  still  remaining  between  it  and 
the  body  of  the  vertebra.  In  this  interval  a  separate  nucleus 
has  been  developed  in  the  axis  of  a  rabbit  represented  in  PI.  VII. 
fig.  7.  This  nucleus  may  perhaps  be  thought  to  correspond 
with  one  or  more  of  the  epiphysial  lamina  of  the  other  verte- 
brae. At  about  puberty  the  interval  is  obliterated  by  ossification 
of  the  fore  and  hinder  parts  of  the  cartilage  that  occupies  it ;  but  in 
the  middle  a  space  still  remains  (fig.  6)  resembling  the  interverte- 
bral spaces  seen  in  a  section  of  the  sacrum.  The  line  of  union  is 
also  often  indicated  on  the  fore  part  by  a  transverse  ridge  extending 
between  the  articular  surfaces  on  either  side. 

Gradually  the  ossification  fills  up  the  cleft  at  the  top  of  the 
odontoid  nucleus  and  proceeds  into  the  cartilage  that  covers  it,  so 
that  about  puberty  the  whole  is  converted  into  bone.  The  section 
of  the  fully  formed  bone  (PI.  VII.  fig.  6)  shows  a  distinct  opaque 


^  Meckel  also  describes  this,  Handhuch  der  MensclilicTien  Anatomie,  li.  45,  and 
ArcJiiv,  I.  Taf.  vi.  figs.  6 — 9;  and  Nesbitt  is  said  to  have  observed  the  same  at  birth, 
Osteog.  s.  66. 


Fhvte.  Vni. 
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horizontal  line  of  dense  osseous  structure  lying  between  the  articu- 
lating surface  on  its  anterior  aspect  [BE)  for  the  arch  of  the  atlas 
and  the  surface  behind  {CD),  Avhich  is  in  contact  with  the  trans- 
verse ligament.  This  denser  part  forms  a  division  between  the 
more  cancellous  apex  and  the  rest  of  the  process ;  the  appearances 
are  suggestive  of  a  separate  epiphysial  nucleus  at  the 

Nucleus  at  the  .  •  i  i  •  n  r-  i 

summit  of  suuimit,  Corresponding  with  that  occasionaiiy  lound 
proc°esr  °'  below  the  odontoid  process  (iig.  7).  Thinking  it  highly 
probable  that  a  nucleus  is  sometimes  developed  at  the 
top  of  this  process,  though  it  has  not  been  described  by  either  of  the 
many  careful  investigators  of  the  development  of  the  spine,  I  made 
frequent  search  for  it ;  but  without  success,  till  I  met  with  it  in  the 
specimen  represented  in  PI.  YII.  fig,  4,  and  in  another  in  the 
Museum  at  Prague. 

Development  ^^^^  atlas  is  coiuposed  entirely  of  lateral  or  neural 

of  the  atlas.       portions  whicli  shoot  forwards  to  a  greater  extent  than 


DESCEIPTION  OF  PLATE  VIII. 

Fig.  I.  The  atlas  at  birth.  AA  the  ossified  lateral  portions  terminating  behind 
in  blunt  extremities  {BB),  which  are  tipped  with  cartilage  and  united  together  by  a 
fibrous  band  extending  transversely  between  them.  GO  the  anterior  extremities  of 
the  same,  extending  a  little  in  front  of  the  superior  cartilaginous  facets  ;  they  are  also 
united  by  a  fibrous  band.  The  extremities  of  the  transverse  processes  {DD)  are  tipped 
with  cartilage;  and  a  fibrous  band  extending  from  them  to  the  fore  part  of  the  ver- 
tebra encloses  the  foramen  in  front. 

Fig.  2.  Atlas  from  a  child  set.  4.  There  are  two  osseous  nuclei  of  unequal  size  in 
the  fore  part  of  the  arch,  united  together  in  the  median  line  by  cartilage,  and  united 
to  the  lateral  parts  of  the  vertebra  also  by  cartilage.  The  arch  behind  is  interrupted 
in  its  middle  by  a  thin  plate  of  cartilage  which  constitutes  the  bond  of  union  of  its 
lateral  portions.  Viewed  from  behind,  the  specimen  showed,  at  and  near  the  junction 
of  the  laminae,  a  depression  which  was  occupied  by  cartilage  fonning  a  rudimentary 
spinous  process.     The  extremities  of  the  transverse  processes  are  cartilaginous. 

Fig.  3.  Atlas  from  a  child  set.  5.  The  anterior  part  of  the  arch  is  formed  of  one 
piece,  which  is  united  to  the  lateral  portions,  close  to  the  articular  facets,  by  a  plate  of 
cartilage  on  either  side.  There  is  a  prominence  in  the  median  line  forming  the  anterior 
tubercle.  Behind,  the  lateral  portions  are  united  by  bone ;  but  there  is  a  depression  on 
the  posterior  surface  occupied,  as  in  the  former  specimen,  by  cartilage.  The  tips  of  the 
transverse  processes  are  cartilaginous. 

Fig.  4.  Atlas  from  a  youth  set.  about  17.  There  is  a  fissure  in  the  median  line 
in  front  which  was  occupied  by  cartilage.  The  posterior  arch  is  complete.  The  spinous 
process  is  slightly  bifid  and  entirely  osseous.  The  transverse  processes  have  also  at- 
tained their  full  size  and  structure. 

9—2 
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the  con-espondlng  parts  of  any  other  vertebra,  and  which,  either 
directly,  or  by  means  of  epiphysial  nuclei  developed  in  connection 
with  their  anterior  extremities,  meet  in  the  median  line,  and  form 
the  anterior  part  of  the  ring.  The  centrum  is  detached  and  placed 
behind  them,  forming  the  odontoid  process  of  the  axis.  Ossification 
commences  in  the  sides  of  the  atlas  near  its  articulating  surfaces  at 
an  early  period;  earlier,  it  would  seem  from  Beclard's  observations, 
than  at  any  other  part  of  the  column ;  it  shoots  backwards,  and 
at  birth  the  arches,  which  form  the  hinder  part  of  the  ring  of  the 
bone,  are  osseous  in  rather  more  than  two-thirds  of  their  extent. 
They  are  of  cylindrical  shape  and  terminate  abruptly  in  thick  ends, 
which  are  united  to  one  another  by  a  band  of  fibrous  tissue  and 
cartilage  extending  transversely  between  them  (PL  VIII.  fig.  1, 
B,  B) .  Usually  ossification  extends  from  them  till  they  meet  in  the 
median  line  (as  represented  in  fig.  2).  I  found  them  firmly  miited 
together  at  the  age  of  5  (fig.  3).  Occasionally,  however,  a  small 
separate  nucleus  is  developed  in  the  cartilage  at  the  point  of  their 
junction  \ 

The  j/yre  part  of  the  ring  of  the  atlas  consists  at  birth  of  a 
fibrous  band  extending  between  the  cartilaginous  anterior  extremi- 
ties of  the  neural  processes,  which  project  very  little  in  front  of  the 
facets  for  the  condyles  (fig.  1).  These  anterior  prolongations  of  the 
neural  processes  may  gradually  grow  on,  as  do  the  posterior,  till 
they  meet  in  the  middle  line ;  where  they  become  united,  first  by 
cartilage,  subsequently  by  bone  (PI.  YIII.  fig.  4).  In  some  cases 
an  osseous  nucleus  is  developed  in  the  uniting  cartilaginous  medium, 
on  either  side  of  the  middle  line  (PL  VIII.  fig.  2).  These  nuclei 
joined  together  may  form  a  central  portion,  which  becomes  united 
to  the  lateral  parts  a  little  in  front  of  the  articulating  surfaces 
(PL  VIII.  fig.  3) ;  or  a  nucleus  may  be  formed  in  the  middle  line 
and  extend  laterally  till  it  encounters  the  lateral  portions  at  the 
same  point;  or  there  may  be  a  central  nucleus  and  a  distinct 
nucleus  in  the  cartilage  on  either  side  of  it.  The  period  at  which, 
these  nuclei  are  united  with  one  another  and  with  the  lateral  por- 
tions varies;  commonly  it  is  before  12.    In  a  lad,  a3t.  12,  I  could 


^  Meckel's  Archw,  i.  Taf.  vi.  fig.  i. 
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find  no  line  of  separation  between  the  several  parts;  indeed  the  ossi- 
fication of  the  atlas  was  quite  completed.  In  another,  ajt.  7,  the 
line  of  separation  was  obliterated  on  one  side,  though  easily  seen 
on  the  other.  In  the  Musee  Orfila  is  an  adult  atlas  with  the  fore 
part  of  the  arch  still  separate  from  the  sides  of  the  bone ;  in  fig.  4 
is  represented  a  fissure  in  the  middle  of  the  anterior  arch  at  the 
age  of  17;  and  in  Guy's  Museum  is  a  specimen  of  an  adult  atlas 
in  which  union  has  entirely  failed  both  before  and  behind,  so 
that  the  vertebra  remains  divided  into  its  two  primitive  lateral 
portions^. 

The  transverse  processes  resemble  those  of  the  other  cervical 
vertebra?.  At  birth  the  hinder  one  has  grown  out  to  a  considerable 
distance  fi-om  the  neural  arch  (PI.  VIII.  fig.  1).  It  is  tij)ped  with 
cartilage ;  and  the  anterior  process  is  represented  by  a  fibrous  or 
cartilaginous  band  extending  from  this  cartilaginous  summit  to  the 
articulating  portion.  Gradually  ossification  extends  into  the  band; 
and  at  the  age  of  4  or  5  it  has  reached  the  same  level  as  in  the 
hinder  process.  The  two  are  then  united  by  an  interposed  piece 
of  cartilage,  which  is  subsequently  converted  into  bone  by  a 
further  extension  of  the  ossification.  Sometimes  the  ossification 
of  the  anterior  process  is  incomplete,  and  the  foramen  remains  open 
in  front. 


Beclard  gives  the  following  relative  measurements  of 
Relative  pro-     ^-^e  vertebral  colimin  at  different  periods  of  foetal  life. 

portions  of  -T 

spine  vary        ^^  ^j^rge  wecks  it  is  to  the  whole  body  as  3  :  4;   at 

■with  growth.  '' 

from  30th  to  35th  day  as  3  :  5;  at  from  40th  to  45th 
day  as  1  :  2 ;  at  4  months  and  a  half  as  4  :  9 ;  at  6  months  as 


^  Blandin  (Nov.veaux  Elemens  d' Anatornie,  1838,  i.  p.  39)  suggests  that  the  odontoid 
process  of  the  axis  is  the  body  of  the  atlas,  and  that  the  anterior  arch  of  the  latter, 
developed  from  two  points,  is  the  representative  of  the  marginal  epiphyses  of  its 
body.  I  think,  however,  that  the  mode  of  development  of  this  anterior  arch  and 
a  comparison  with  the  vertebra  below  clearly  show  that  it  is,  as  stated  in  the  text, 
formed  by  an  extension  of  the  fore  part  of  the  lateral  or  neural  portions,  which  is 
effected  in  some  instances  through  the  medium  of  epiphysial  nuclei,  and  in  others  by 
the  continued  growth  of  the  lateral  parts  themselves  without  any  such  epiphysial  aids. 


134  THE   SPINE. 

5  :  12;  at  7^  months  as  6^:15;  at  the  full  time  as  7f  :  18.  The 
relative  proportions  at  different  periods  after  birth  are  given  in  the 
Table  at  page  110. 

In  the  earlj  periods  of  foetal  life  the  size  of  the  column  is 
greatest  near  the  middle  of  the  back,  where  ossification  of  the 
bodies  is  observed  first  to  take  place.  In  this  respect  it  resembles 
the  permanent  condition  of  the  spine  of  many  quadrupeds.  As 
development  and  growth  proceed,  the  lumbar  vertebrge  gradually 
obtain  the  predominance  required  to  enable  them  to  bear  the  weight 
that  is  imposed  upon  them.  While  the  child  is  within  the  uterus 
the  spine  is  bent  a  little  forwards,  and  there  is  then  no  other  curve. 
Nevertheless,  the  shapes  of  the  osseous  nuclei  represented  in  PI. 
IV.  (figs.  6,  7,  8)  indicate  that  pre|)aration  is  already  being  made 
for  those  flexures  which  exist  in  the  adult,  and  which  begin  to  be 
formed  soon  after  birth. 

Mention  has  already  been  made  of  the  intimate  re- 

Eelations  of  _  .  , 

tiie  vertebrae  latiou  wiiicli  cxists  betwccn  the  vertebral  column  and 
the  included  spinal  cord.  We  have  seen  the  two,  in 
process  of  formation,  developed  and  growing  together  in  the  dorsal 
groove  of  the  embryo ;  both  being,  at  first,  of  the  same  length,  and 
combining  to  inclose  the  same  canal  which  traverses  them  from  end 
to  end.  I  have  also  alluded  to  the  probability  that  each  vertebra 
corresponds  to  one  of  the  primitive  ganglia  which  make  up  the 
spinal  cord.  Subsequently,  however,  the  relations  of  the  two  become 
altered  by  the  growth  of  the  column  exceeding  that  of  the  cord, 
partly  in  consequence  of  the  latter  undergoing  a  process  of  concen- 
tration, which  is  most  marked  about  the  regions  of  the  attachment 
of  the  brachial  and  lumbar  plexuses  of  nerves,  more  particularly  of 
the  latter,  that  is,  at  the  lowermost  portion  of  the  cord.  At  the 
third  month  of  intra-uterine  life  the  spinal  cord  reaches  as  low  as 
the  last  bone  of  the  sacrum,  if  not  to  the  coccyx.  In  the  adult  it 
extends  only  to  the  second  lumbar  vertebra  at  the  furthest.  It  has 
been  stated  by  some  observers  that,  at  the  former  period,  the  coccyx 
consists  of  seven  portions,  the  number  being  subsequently  reduced 
to  four  or  five ;  and  that  if  anything  occurs  to  interfere  with  the 
ascent  of  the  cord,  the  diminution  in  the  number  of  the  coccygeal 
bones  does  not  take  place,  and  the  child  is  born  with  a  tail.     That 
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this  is  not  a  necessary  sequence  is  proved  by  cases  of  spina  bifida, 
in  which,  although  the  ascent  of  the  cord  is  prevented,  the  coccyx 
does  not  present  anything  unusual.  In  the  lower  animals  there  is 
a  direct  proportion  between  the  length  of  the  cord  and  that  of 
the  tail. 

The  alteration  in  the  relative  position  of  the  several 

Kelations  of 

vertebrseto       parts  of  the  cord  with  regard  to  the  vertebrse  makes  no 

t;}l6  I16rV6S 

difference  in  the  relation  between  the  nerves  and  the  ver- 
tebra?. Each  interspace  between  the  several  vertebrae  along  the  whole 
length  of  the  column  transmits  a  pair  of  nerves,  the  ganglia  of  which 
lie  either  in  the  intervertebral  foramina  or  just  within  side  them. 
From  the  intervertebral  foramina  the  nerves  ascend  in  their  course 
to  the  cord  with  a  degTee  of  obliquity  increasing  from  the  first  or 
uppermost  to  the  last.  The  point  at  which  each  nerve  enters  the 
cord  indicates  the  point  of  the  latter  which  was  originally  opposite 
to  the  foramen  from  which  the  nerve  proceeded,  and  the  distance 
between  that  point  and  the  foramen  is  the  measure  of  the  ascent  of 
that  region  of  the  cord.  In  consequence  of  the  constancy  of  this 
relation  between  the  vertebrse  and  the  roots  of  the  nerves,  a  vertebra 
has  been  defined  to  be  a  bone,  or  axial  segment  of  the  skeleton, 
included  between  two  pairs  of  nerves;  and  it  was  considered  that 
the  observation  of  the  points  at  which  the  nerves  traverse  the  bony 
envelopes  of  the  cerebro-spinal  system  would  furnish  a  ready  guide 
to  distinguish  the  several  vertebrae.  As  a  general  rule  it  does  so: 
though  there  are  some  few  exceptions ;  thus  in  some  fishes  and  in 
some  animals,  e.  g.  the  buffalo,  the  nerves  do  not  pass  between  the 
vertebra,  but  through  them,  perforating  the  nem-al  pedicles;  and  in 
the  skull  some  of  the  nerves  perforate  the  pedicles  of  the  cranial 
vertebra,  while  others  pass  between  them,  which  has  contributed 
not  a  little  to  the  difficulty  of  deciding  on  the  number  of  the  com- 
ponent vertebrse  of  this  part  of  the  skeleton,  and  of  grouping  the 
several  bones  with  reference  to  them. 
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THE   VERTEBE^. 

Number  of  '^^^^  number  of  vertebra  in  the  spinal  column — viz. 

vertebrae.  7  [^-^  i[^q  ^^q^]^^  ]^2  in  the  back,  5  in  the  loins,  5  in  the 

sacrum,  and  4  or  5  in  the  coccyx — is  remarkably  constant.  Occa- 
sionally there  are  13  dorsal,  or  7  lumbar;  there  may  be  also  a 
supernumerary  vertebra  in  the  sacrum  or  coccyx,  but  I  am  not 
aware  that  the  regular  number  in  the  neck  has  been  known  to  be 
exceeded.  When  there  is  a  deficiency  in  either  region,  it  is  not 
uncommonly  supplied  by  an  excess  in  one  of  the  others.  Thus,  if 
there  are  only  4  lumbar  vertebrse,  it  is  usually  found  that  there 
are  6  in  the  sacrum  or  13  in  the  back.  It  is  singular  that  the 
number  of  cervical  vertebrse  should  be  so  uniform  throughout  the 
mammalian  classes,  although  there  are  great  varieties  in  the  length 
of  the  neck.  The  only  known  exceptions  to  the  number  7,  are  pre- 
sented by  the  three-toed  sloth,  which  has  9,  and  by  the  sea-cow, 
which  has  6.  In  other  cetaceans,  although  the  neck  is  very  short 
and  the  bones  are  often  more  or  less  united  together,  the  regular 
number  can  be  discerned.  In  the  other  regions  of  the  spine  the 
number  varies  a  good  deal  in  different  animals,  without  having 


DESCRIPTION  OF  PLATE  IX. 

Sections  of  adult  vertcbne,  slwiving  the  shape  and  structure  of  their  bodies. 

Fig.  I.     Vertical  section  from  before  backwards  of  the  4th  cervical  vertebra. 

Fig.  2.  Ditto  of  4th  dorsal  vertebra.  A  bristle  has  been  passed  from  the  median 
through  one  of  the  lateral  vascular  canals,  proving  the  communication  between  them. 

Fig.  3.     Ditto  of  5th  lumbar  vertebra. 

Fig.  4.  Horizontal  section  of  4th  cervical  vertebra.  It  is  more  cancellous  at  the 
middle  and  close  to  the  sides  than  elsewhere. 

Fig.  5.     Ditto  of  4th  dorsal  vertebra. 

Fig.  6.  Ditto  of  5th  lumbar  vertebra.  A  channel  is  seen,  on  either  side  of  the 
middle  line,  passing  from  the  vertebral  canal  to  the  middle  of  the  vertebral  body,  where 
the  two  unite.  A  channel  also  passes  from  either  side  towards  this  middle  point.  The 
cancelli  are  larger  in  the  vicinity  of  these  several  channels  than  elsewhere. 

Fig.  7.  Vertical  section  from  side  to  side  through  the  body  of  the  4th  cervical 
vertebra. 

Fig.  8.     Ditto  of  the  4th  dorsal  vertebra. 

Fig.  9.     Ditto  of  the  5th  lumbar  vertebra. 
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any  obvious  reference  to  the  size  of  the  adjacent  organs  or  of  the 
limbs. 

The  bodies  of  the  vertebrae  are  composed  of  very 

Bodies  of  the  _  .  . 

vertebM-their  light,  spongj  structm'e,  wliicli  is  smTOunded  by  a  thin 
wall  of  moderately  compact  tissue ;  I  say  moderately 
compact,  for  it  is  perforated  by  so  many  large  and  small  holes  that 
it  presents  a  spongy  appearance  in  comparison  with  the  exterior  of 
most  other  bones.  The  cancelli  increase  in  size  towards  the  middle 
of  each  vertebra,  where  there  is  a  sort  of  irregularly  shaped  cavity 
or  canal  (or  two  canals,  one  on  either  side  the  middle  line)  travers- 
ing the  bone,  more  or  less  completely,  from  behind  forwards,  simu- 
lating the  medullary  canals  of  the  long  bones,  and  transmitting  an 
artery  and  large  vein,  or  more  commonly  two  arteries  and  two 
large  veins,  which  enter  through  a  single  or  double  foramen  from 
the  vertebral  canal.  Two  other  considerable  channels  for  vessels 
pass  through  foramina  on  the  exterior,  one  on  either  side,  at  a 
variable  distance  from  the  middle  line.  They  run  towards  the 
centre  of  the  bone,  and  communicate  more  or  less  directly  with 
the  channels  which  run  backwards  to  the  vertebral  canal.  They  do 
not,  however,  always  lie  on  the  same  level  with  them  or  with  one 
another,  and  are  not,  therefore,  in  each  instance,  exposed  together 
in  one  horizontal  section.  The  cancelli  are  occupied  by  vascular 
areolar  tissue,  in  the  meshes  of  which  is  an  albuminous  fluid  with 
but  little  oily  matter.  Hence  these  bones  are  easily  cleaned  by 
maceration.  The  central  most  cancellous  part  is  the  spot  at  which 
ossification  commenced  (PI.  III.  fig.  7).  At  first  it  was  solid,  but 
was  very  early  reduced  to  a  spongy  state.  Each  of  the  vertebral 
bodies  may  be  observed  in  PI.  IX.  to  present  a  very  spongy  struc- 
ture on  either  side,  near  the  part  where  the  lateral  vessels  just  men- 
tioned enter  and  are  distributed,  as  well  as  at  the  middle.  The  chief 
direction  of  their  cancelli  is  vertical ;  in  some  parts  it  is  more  hori- 
zontal, as  near  the  lower  surface  of  the  last  lumbar  vertebra  (fig.  3). 
The  cells  of  the  cancellated  tissue  are  wider  in  proportion  as  the 
bodies  of  the  vertebrse  are  large.  Thus  in  the  neck  they  are  small, 
their  septa  are  thick,  and  the  bone  is  consequently  dense;  in  the  back 
they  are  larger,  the  septa  are  thinner,  and  the  bone  is  consequently 
more  spongy;  in  the  loins  they  are  still  larger,  the  septa  are  still 
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thinner,  the  vascular  canals  are  much  wider,  and  the  bone  is 
altogether  very  spongy. 

Each  vertebral  body  in  the  back  and  loins  is  con- 
stricted at  the  middle  of  the  fore  part  and  sides,  and 
projected  at  the  edges,  as  if  the  latter  had  been  squeezed  out  above 
and  below.  This  is  most  marked  at  the  sides  of  the  lumbar  ver- 
tebrge  (PL  IX.  fig.  9) ;  and  the  outer  wall  is  thickest  and  most  dense 
at  the  narrowest  part  of  each  vertebra.  The  expansion  of  the  upper 
and  lower  laminas  serves,  as  in  the  long  bones,  the  purpose  of 
affording  a  wider  basis  for  the  support  of  each  bone  and  for  the 
attachment  of  ligaments,  so  rendering  the  column  practically  as 
strong  as  if  the  diameter  of  the  bodies  were  uniformly  equal  to  the 
diameter  of  these  their  widest  parts.  The  superficial  transverse 
fturroAvs  thus  formed  on  the  surfaces  of  the  several  vertebrae  are 
covered  over  by  ligamentous  tissue,  extending  between  their  pro- 
jecting edges  (PI.  XII.  fig.  1),  and  transmit  the  intercostal 
arteries  and  branches  from  them  to  the  vertebral  bodies  and  to 
the  spinal  canal  L 

often  not  quite  ^^  ^^7  oftcu  bc  obscrved  that  the  bodies  of  the  ver- 
symmetricai;  tcbrge  are  uot  of  cqual  depth  on  their  two  sides,  not  being 
quite  symmetrical.  This  would  lead  to  lateral  curvature,  were  it  not 
that  the  inequalities  in  one  vertebra  are  compensated  by  inequalities 
of  an  opposite  kind  in  the  vertebrse  above  and  below.  Thus  the 
body  of  the  third  lumbar  vertebra  may  be  thinner  on  the  left  side 
than  on  the  right,  but  the  deficiency  is  generally  made  up  for,  and 
the  proper  line  of  the  column  is  preserved,  by  the  body  of  the 
second,  or  the  fourth,  or  both,  being  thinner  on  the  right  side  than 
on  the  left. 

They  decrease  in  size  and  weight  as  we  trace  them 
from  below  upwards,  so  that  it  is  not  correct  to  say  that 
they  are  smallest  at  some  part  of  the  back,  and  that  they  collec- 
tively form  two  cones  with  their  apices  united  in  the  back.     This 
may  be  true  if  we  regard  their  anterior  aspect  only,  all  the  lum- 


^  These  furrows  or  wide  channels  on  the  fore  part  and  sides  of  the  bodies  are 
much  deeper  in  some  of  the  whale's  vertebree.  Indeed,  in  many  of  the  caudal  vertebrte 
of  cetaceans  they  are  covered  over  by  bony  plates,  and  are  thus  converted  into  com- 
plete canals,  which  nearly  encircle  the  respective  bones. 
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bar  and  a  few  of  the  cervical  bodies  having  a  greater  transverse 
diameter  than  the  fourth  and  fifth  dorsal;  but  the  difference  is  com- 
pensated to  the  latter  by  the  extension  of  their  antero-posterior 
diameters.  A  front  view  shows  that  the  bodies  diminish  in  width 
up  to  the  fourth  dorsal  vertebra;  that  the  third  is  rather  wider  than 
the  fom'th;  and  that  there  is  often  a  sudden  increase  in  the  width 
of  the  upper  two  dorsal  bodies,  which  is  caused,  in  part,  by  a  pro- 
minence of  the  bone  in  front  of  the  articulating  surface  for  the  rib 
on  either  side.  This  prominence  has  relation  to  the  fact,  that  the 
cm-ved  form  of  the  two  upper  ribs  and  the  manner  in  which  they 
impinge  upon  the  column  renders  such  additional  support  or  "  stop" 
necessary  in  front.  Moreover,  at  and  above  this  point,  increasing 
in  distinctness  up  to  the  axis,  are  often  found  tuberculated  projec- 
tions from  the  fore  part  of  the  several  vertebral  bodies  on  either 
side  of  the  middle  line.  These  give  attachment  to  the  fibres  of  the 
longus  colli ;  and  they  acquire  an  interest  from  their  being  pro- 
bably rudimentary  haemal  processes  corresponding  with  much  more 
marked  prominences  which  exist  in  many  animals,  particularly  in 
reptiles  and  birds,  and  which  more  or  less  completely  enclose  a 
canal  transmitting  the  carotid  arteries. 

The  neural  pedicles,  by  which  are  meant  the  parts 

Neural  pedicles. 

of  the  neural  arches  that  extend  forwards  from  the  arti- 
culating processes,  are  thickest  at  the  lowest  three  dorsal  vertebrae, 
and  diminish  in  size  above  and  below  this.  It  has  been  mentioned 
(page  124)  that  the  amount  which  they  contribute  to  the  formation 
of  the  respective  bodies  of  the  vertebras  is  greater  in  the  upper 
than  in  the  lower  part  of  the  column.  It  may  also  be  observed 
that  their  relations  to  the  bodies  of  their  respective  vertebree  differ 
in  different  parts,  they  being  on  a  relatively  higher  plane  in  the 
upper  than  in  the  lower  regions.  Thus  the  pedicle  of  the  fifth 
lumbar  vertebra  is  nearly  on  a  level  with  the  middle  of  the  body 
of  its  vertebra;  the  several  dorsal  pedicles  are  on  a  level  with  the 
upper  edges  of  the  bodies  of  their  vertebras ;  the  several  cervical 
pedicles  are  above  the  level  of  the  upper  edges  of  their  respective 
bodies ;  and,  finally,  the  nem-al  pedicles  of  the  axis  are  on  a  level 
with  and  embrace  the  base  of  the  odontoid  process,  which  is  the 
body  of  the  atlas.    In  the  back  and  in  the  upper  part  of  the  loins  the 
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neural  pedicles  run  straight  backwards  from  the  bodies;  whereas, 
in  the  neck,  they  are  directed  at  first  outwards,  giving  a  greater 
apparent  width  to  the  bodies,  and  a  greater  width  to  the  vertebral 
canal  at  this  part.  In  the  last  lumbar  vertebra  their  direction 
and  the  shape  of  the  vertebral  canal  more  resemble  those  in 
the  neck.  (PL  IX.  figs.  4,  5,  6,  and  PL  X.  figs.  4  to  8.) 
Transverse  The    trttfisverse  jiTOcesses   are    nearly   in   the    same 

processes.  horizontal  plane  with  the  pedicles.  Hence  those  of  the 
upper  dorsal  vertebrse  are  on  a  level  with  the  intervertebral  spaces; 
and  the  ribs,  passing  from  the  intervertebral  spaces  directly  out- 
wards to  them,  are  articulated  with  their  yore  parts  (PL  X.  fig.  2). 
Lower  down  in  the  back  the  transverse  processes  are  a  little  below 
the  level  of  the  intervertebral  spaces ;  accordingly  the  ribs  de- 
scend a  little  obliquely  to  them,  and  are  articulated  more  with  their 
upj)er  surfaces.  Hence  the  part  of  the  back  to  which  a  given 
dorsal  vertebra  belongs  may  be  pretty  acciu'ately  known  by  the 
position  of  the  articulating  facet  upon  its  transverse  process. 

In  the  upper  three  lumbar  vertebrge  these  processes  run  straight 
outwards;  in  the  lower  two  lumbar,  and  in  most  of  the  dorsal  ver- 
tebrse,  they  slant  a  little  upwards^;  in  the  neck  they  are  inclined 
rather  downwards.  As  a  general  rule,  in  animals,  the  lumbar 
transverse  processes,  which  in  some,  as  the  hare,  are  very  long, 
slant  forwards,  that  is,  in  a  direction  oj^posite  to  the  slant  of  the 
ribs.  In  the  dorsal  region  the  transverse  processes  in  man  slant 
backwards  as  well  as  upwards.  This  is  to  permit  that  backward 
curve  of  the  ribs  which  gives  depth  to  the  thorax.  It  is  not  so 
perceptible  in  the  lower  animals  as  in  man,  nor  is  it  so  marked 
in  the  little  child,  as  it  becomes  after  puberty. 

The  transverse  processes  are  not  quite  such  simple 

Tubercles  of  . 

the  transverse    elements  as  they  at  first  sight  appear;  and  they  afford  a 

good  illustration  of  the  gradual  mode  in  which  changes 

in  the  shape  and  position  of  corresponding  parts  are  brought  about 

in  different  regions  of  the  skeleton.     If  one  be  examined  at  the 


^  The  transverse  processes  of  the  last  lumbar  vertebra  sometimes  extend  to  the 
hip-bones,  and  are  jointed  with  them  like  those  of  the  upper  bones  of  the  sacrum. 
(Otto's  Path.  Anat.  by  South,  p.  199.) 
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middle  of  tlie  back  it  will  be  seen  to  present,  near  its 

in  the  back;  .  .        .  xr     r»        a 

extremity,  three  projections  or  tubercles  (11.  X.  fig.  2, 
A,  B,  C).  Of  these  one  [B)  is  in  front,  carries  the  articulating  facet 
for  the  rib,  and  may  be  called  the  costal  tuhercle.  The  other  two 
are  behind;  one  (^4),  near  the  upper  surface,  may  be  called  the 
SKjyen'or,  and  the  other  (0),  near  the  lower  surface,  may  be  called 
the  inferior  tubercle.  They  are  very  clearly  seen  in  some  human 
skeletons,  and  still  more  clearly  in  many  animals  (the  beaver.  Cape 
bear,  &c.) ;  and  in  the  eagle  the  upper  and  lower  tubercles  are  de- 
veloped into  long,  broad  processes  which  meet  and  overlap  those  of 
the  vertebra3  above  and  below,  and  contribute  to  give  that  solidity 
to  the  thorax  which  is  required  to  furnish  a  firm  basis  of  attach- 
ment to  the  wing-muscles.  If  we  trace  the  transverse  processes 
do^^iiwards,  we  shall  find  a  gradual  alteration  or  shifting  of  the 
positions  of  these  tubercles.  Take  the  last  dorsal  vertebra.  The 
entire  process  has  become  very  short  in  consequence  of  the  shorten- 
ing of  its  neck  (that  is,  the  stalk  which  carries  the  tubercles) ;  but 
the  tubercles  have  become  more  expressed  and  distinct  from  one 

another.      In  the  lumbar   vertebree  the  costal  tuhercle 

in  the  loins ;  •  i       i 

grows  out  into  the  long  transverse  process;  the  sujoerior 
tubercle  becomes  connected  with  the  upper  articulating  process, 
and  gives  great  prominence  to  it ;  and  the  inferior  tubercle  forms  a 
more  or  less  marked  projection  from  the  under  and  back  part  of  the 
base  of  the  transverse  process.  In  carnivorous  and  some  other 
animals  this  inferior  tubercle  grows  to  much  greater  length  in  the 
loins;  it  projects  downwards  on  the  outside  of  the  upper  articulating 
process  of  the  vertebra  below,  is  articulated  with  it  and  hems  it  in 
so  that  the  joint  is  very  secure,  and  it  is  exceedingly  difficult  to 
separate  the  vertebrae  in  these  animals  \ 

The  sujperior  tubercles  are  all  separate  epiphyses  in  the  skeleton 
of  a  rhinoceros  in  the  Museum  at  Cambridge,  which  presents  ac- 
cordingly a  good  opportunity  of  tracing  them  through  the  changes 
in  their  position.     AVe  have  observed  (page  126)  that  in  man  they 


^  An  account  of  these  tubercles,  nearly  corresponding  with  the  above,  is  given  by 
Retzius  {Ueber  die  richtige  Deutung  der  Seitenforsdtze  an  den  RiicTcen-  und  Lendenvirheln 
helm  Menschen  irnd  heiden.  Sangefhiercn)  in  Mailer's  ArcMv,  1849,  s.  593. 
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are  in  the  loins  sometimes  developed  from  separate  nuclei  of  ossi- 
fication. The  costal  tubercles  also  are  often  developed  from  separate 
nuclei  (page  125)  in  the  back  and  in  the  loins.  In  the  latter, 
where  they  form  the  chief  part  of  the  transverse  processes,  they 
are  by  some  anatomists  considered  to  be  homologous  with  the  ribs. 
I  am  not  aware  that  the  inferior  tubercles  are  ever  developed  from 
separate  nuclei.  If  we  trace  the  transverse  processes  upwards  from 
the  middle  of  the  back,  we  find  that  the  tubercles  nearly  or  quite 
disappear,  and  the  articulating  facets  for  the  ribs,  instead  of  being 
flat  and  seated  on  prominences,  become  concave  and  lodged  in 
hollows.  In  the  neck  faint  indications  of  the  upper  and  lower 
tubercles  may  be  detected  in  the  form  of  slight  projections  at  the 
extremities  of  the  posterior  transverse  processes. 

In  the  neck  the  transverse  processes  are  two,  one  in 

Cervical 

transverse  fi-ont  of  the  othcr.  They  enclose  between  them  the 
foramen  for  the  vertebral  artery,  which  is  completed  ex- 
ternally by  a  lamina  of  bone  extending  from  one  process  to  the 
other^.  This  lamina,  with  a  part  of  the  anterior  process  (probably 
the  projecting  tubercle  of  it),  corresponds  with  the  rib  of  the  dorsal 
region.  The  relation  between  them  is  well  shown  in  reptiles  and 
birds.  Though  usually  developed  from  a  separate  nucleus  (page 
126),  the  anterior  transverse  process  of  the  seventh  cervical  vertebra 
is  smaller  than  those  immediately  above  it^ 

The  foramen  in  the  transverse  process  of  the  7th  cervical 
vertebra  i^  generally  smaller  than  in  the  others.  It  has  occasion- 
ally been  known  to  transmit  the  vertebral  artery  on  the  left  side^, 
more  frequently  it  transmits  the  vein ;  but  both  artery  and  vein 
commonly  pass  altogether  in  front  of  this  process  to  the  foramen  in 
the  vertebra  above.  It  is  present  in  the  giraffe,  but  absent  in  most 
other  mammals,  including  monkeys.  It  is  sometimes  also  absent 
in  the  human  skeleton^. 


^  In  the  4th,  5  th,  and  6th,  there  is  occasionally  a  small  hole  behind  that  for  the 
vertebral  artery.  It  is  said  to  transmit  an  artery,  which  is  called  "The  accessory  ver- 
tebral artery,"  though  it  appears  to  be  only  a  muscular  branch.  Hildebrandt,  Anatomde, 
II.  140. 

2  ^tra^ev's  Anatomical  and  Physiological  Ohservations,  p.  127. 

3  Cuvier,  Legons  d' Anatomic  Comparee,  remarks  its  absence  in  the  skeleton  of  the 
Hottentot  Venus  at  Paris. 
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Vertebral  The  wldtli  of  the  Vertebral  arches  is  greatest  at  the 

arches.  ^^^  q£  ^j^^  columii  and  diminishes  as  we  trace  them  down 

to  the  middle  of  the  back.  Below  this  it  again  increases  to  the 
point  of  jimction  of  the  spine  with  the  sacrnm,  corresponding  with 
the  increasing  width  of  the  vertebrEe,  which  is  for  the  purpose  of 
giving  the  spine  a  larger  basis  of  support  upon  the  pelvis.  (PL  X. 
figs.  3  to  8.) 

The  arches  are  deepest  (most  flattened  out  from  above  down- 
wards) in  the  back,  where  the  antero-posterior  movement  of  the 
bones  is  least  free,  and  where  the  spine  is  bent  backward;  and  by- 
overlapping  one  another  at  this  exposed  part,  they  protect  the 
vertebral  canal.  In  the  loins  and  neck,  where  there  is  more  free 
movement  and  where  the  spine  is  less  exposed,  they  are  less  deep ; 
they  are  shallowest  of  all  at  the  5th  lumbar  vertebra^  and  at  the 
atlas.     The  arch  of  the  axis  is  very  thick  and  strong. 

The  spinous  processes  are  shaped  with  reference  to 

Spinous  _  -^  ^ 

processes  in  the  Upright  posturc  and  the  free  movements  of  the  head. 
That  of  the  atlas  is  almost  suppressed  to  prevent  its 
interference  with  those  movements.  That  of  the  axis  is  very  large, 
and,  like  the  foui*  next  to  it,  is  bifid,  to  afibrd  more  room  for  the 
attachment  of  the  muscles  which  cause  the  head  to  rotate  uj)on  the 
spine.  The  fr-eedom  and  frequency  of  this  movement  is  peculiar 
to  man,  and  so  is  this  bifurcation  of  the  spinous  processes.  The 
7tli  cervical  and  the  upper  three  or  four  dorsal  spines  stand  out 
boldly  to  give  attachment  to  the  muscles  which  fill  up  the  in- 
terval between  them  and  the  occiput,  and  which  assist  to  keep  the 
head  erect  as  well  as  to  move  it  in  various  directions.  Yet,  foras- 
much as  in  man  the  head  is  nearly  balanced  upon  the  spine,  the 
office  devolving  upon  these  muscles  demands  far  less  force  than 
it  does  in  the  lower  animals,  and  the  processes   in  question   are 


^  I  found  in  the  Museum  at  Bonn  four  specimens  in  which  the  arch  of  the  fifth 
lumbar  vertebra  is  separate  from  the  articulating  processes  ;  and  another  in  which  it  is 
separate  on  one  side,  the  spinous  process  being  also  cleft,  so  that  one  half  of  the  arch 
is  loose.  We  may  associate  the  fact  of  this  separation  with  the  greater  width  of  the 
arch  of  this  vertebra.  It  is  also  not  unfrequently  cleft  in  the  median  line  by  a  more  or 
less  wide  fissure  extending  through  the  spinous  process.  Such  cleavage  is  more  fre- 
quent in  the  sacrum ;  I  have  met  with  it  occasionally  in  the  atlas  and  dentata. 
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jiroportionately  small.  For  the  same  reason  the  ligamentum 
nuchie,  which  in  graminivora  is  very  thick  and  elastic  and  affords 
great  assistance  to  the  muscles  in  supporting  the  head,  is  in  man 
reduced  to  a  mere  fibro-areolar  band  or  intermuscular  septum. 

In  the  back  the  spinous  processes  are  long,  of  tri- 
angular form,  and  sloped  downwards,  so  as  to  overlap 
one  another,  and  so  as  not  to  add  unduly  to  the  projection  of  this 
already  prominent  part  of  the  column.  Near  their  bases  they  are 
bound  together  by  thick,  strong,  and  elastic  ligamenta  suhjlava, 
which  aid  in  restoring  the  column  to  its  form  when  the  dorsal 
curve  has  been  at  all  increased ;  and  near  their  extremities  they 
are  united  by  dense,  fibrous  tissue,  which  permits  very  little 
increase  of  the  curve  to  be  made.  In  the  lower  part  of  the  back 
there  is  a  tendency  to  bifurcation  at  their  extremities,  which,  like 
the  same  conformation  in  the  neck,  has  relation  to  the  rotatory 
movement  in  the  part  above  them,  (page  166). 

In  the  loins  the  spinous  processes  are  very  lare-e  and 

in  the  loins.  ,  "^  -^  ./  o 

square  to  give  attachment  to  the  erector  muscles  of  the 
spine ;  and  they  are  united  by  a  large  quantity  of  yellow  elastic 
ligament^  In  the  lowermost  two  a  smaller  size  is  necessitated  by 
the  shai-pness  of  the  spinal  curve  and  the  freedom  of  movement 
about  this  part. 

It  is  of  some  practical  importance  to  be  aware  of  the  fact,  that 
one  or  more  of  the  spinous  processes  occasionally  deviates  a  little 
from  the  perpendicular  line ;  also  that  there  may  be,  here  and 
there,  an  interval  between  two  spinous  processes  greater  than 
between  the  adjacent  ones.  Irregularities  of  this  sort  are  known 
also  to  be  attendants  on  fractures  of  the  spine  and  displacements 
from  disease;  so  that  we  should  sometimes  be  led  into  errors  of 
diagnosis  if  we  did  not  bear  in  mind  that  they  may  be  the  result 
of  natural  conformation. 

The  peculiarities  in  the  shapes  of  the  articulating  processes 
will  be  described  with  the  joints  of  the  spine,  (page  166). 


^   They  have  occasionally  been  found  touching  one  another  with  a  joint  formed 
between  them.     Mayer,  in  Tiedemann's  Zeitschrift  filr  Physiologie,  II.  -29. 
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THE  SPINAL  COLUMN  CONSIDERED  AS  A  WHOLE. 

The  construction  of  the  spinal  column  of  several 

Advantage  _  _  ^ 

of  a  number  picccs,  superimposed  upon  one  another,  and  jointed  to- 
gether so  as  to  permit  of  slight  motion  between  each  of 
them,  has  the  effect  of  allowing  a  considerable  range  of  move- 
ment in  the  spine  as  a  whole  without  much  alteration  in  position 
between  any  two  bones,  or  any  great  change  in  the  shape  of 
the  column.  This  is  very  important,  inasmuch  as  a  free  range 
of  movement  at  any  one  point  would  necessarily  have  been  at- 
tended with  much  diminution  of  strength,  and  would  have  exposed 
the  cord  to  considerable  risk  of  injury;  whereas  by  the  present 
arrangement  gTcat  strength  is  combined  with  sufficient  mobility. 
Moreover,  by  the  interposition  between  the  several  bones  of  elastic 
iibro-cartilages,  which  act  like  buffers,  the  column  is  rendered 
highly  elastic,  and  the  communication  of  jars  from  one  part  to 
another  is  prevented. 

DESCEIPTION  OF  PLATE  X. 

Fig.  I.  Drawn  from  a  section  of  tlie  spine  of  a  man  set.  60,  which  had  been 
enclosed  in  plaster  of  Paris  and  cut  with  the  ligaments,  &c,  entire,  so  as  to  preserve 
the  shape  of  the  curves  and  interspaces  between  the  vertebrae.  The  length  of  the  spine 
and  the  measurements  of  the  curves  differ  somewhat  from  those  given  in  the  text,  in 
consequence  of  the  greater  height  and  age  of  the  patient  (p.  155) ;  but  it  exhibits  most 
of  the  points  there  mentioned. 

Fig.  2.  Lateral  view  of  skull  spine  and  pelvis  drawn  from  a  specimen  in  which 
the  bones  are  artificially  joined  together  and  in  which  the  curves  are  not  quite  truth- 
fidly  given.  It  shows  the  varying  shapes  and  positions  of  the  articulating  surfaces  on 
the  transverse  processes  of  the  different  dorsal  vertebra  (p.  140),  also  the  greater  pro- 
minence of  the  inferior  articular  facets  for  the  ribs  on  the  dorsal  bodies,  as  compared 
with  the  superior.  A  is  the  "superior  tubercle"  of  the  transverse  process,  £  is  the 
"middle,"  or  "costal  tubercle,"  and  C  is  the  "inferior  tubercle."  In  the  back 
they  are  close  together  at  the  extremity  of  the  transverse  process.  In  the  loins  they 
are  separate,  the  "  superior  tubercle  "  being  appended  to  the  superior  articulating  pro- 
cess, and  the  "inferior  tubercle"  projecting  downwards  from  the  base  of  the  "middle 
tubercle"  which  forms  the  chief  part  of  the  transverse  process. 

Figs.  3,  4,  5,  6,  7,  8,  represent  horizontal  sections,  of  the  atlas  (3),  of  the  axis  (4), 
of  one  of  the  middle  cervical  vertebrae  (5),  of  one  of  the  middle  dorsal  vertebrae  (6), 
of  the  upper  lumbar  vertebra  (7),  and  of  the  fifth  do.  (8).  They  show  the  shape  of  the 
spinal  canal,  the  direction  of  the  neural  processes,  &c.  in  different  parts  of  the  column 
(P-  139)- 

10 
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The  elasticity  of  the  column  is  still  further  provided 

The  curves.  /.        i  i  •  t  •    i        i 

for  by  the  manner  m  which  the  component  bones  are 
arranged  in  a  series  of  cm'ves,  instead  of  being  placed  perpendicu- 
larly one  above  the  other.  The  column  may,  in  this  respect,  be 
compared  to  a  bent  spring  which  yields  easily,  gradually  and 
uniformly  in  all  its  parts  when  a  weight  is  placed  upon  it,  and 
Avhich,  in  like  manner,  without  any  sudden  jerk,  resumes  its  former 
position  when  the  weight  has  been  removed.  Thus,  composed  of 
many  pieces  arranged  in  curves  and  held  together  by  powerful,  and 
at  the  same  time,  elastic  ligaments,  the  spine  is  able  to  meet  these 
three  requirements :  1st,  of  bearing  great  weight;  2dly,  of  mider- 
going  great  variety  and  considerable  range  of  movements  while  it 
is  the  centre  of  the  movements  of  the  whole  body ;  and,  3rdly, 
of  transmitting  the  nervous  cord  safely,  and  of  defending  from 
undue  vibrations  the  great  nervous  centre  which  it  supports. 
The  number  ^^^^  autcro-posterior  curves  in  the  column  (from  the 

and  direction     atlas  to  the  coccvx)  are  four  in  number.     They  may  be 

of  the  antero-  ...  .  ^  ./ 

posterior  called,  from  their  position,  "  cervical,"  "  dorsal,"  "  lum- 

bar" and  "pelvic."  They  alternate  in  the  direction  of 
their  flexure  and  in  the  mobility  of  the  several  vertebra?  which 
respectively  compose  them.  Thus  the  dorsal  and  pelvic  curves 
have  their  concavities  in  front,  which  lodge  the  thoracic  and  pelvic 
viscera,  and  the  vertebral  bodies  composing  them  admit  of  com- 
paratively little  movement  upon  one  another ;  those  of  the  sacral 
portion  of  the  pelvic  curve  are  indeed  quite  fixed,  and  form  a 
basis  to  which  are  appended  the  pelvis  and  lower  extremities; 
whilst  those  of  the  dorsal  curve  are  nearly  fixed,  and  support  the 
thorax  and  upper  extremities.  Whereas  the  cervical  and  limibar 
curves,  which  present  their  convexities  in  front,  are  composed  of 
vertebree  capable  of  much  more  free  movement  upon  one  another. 
Measurements  For  the  purposc  of  measuring  these  curves  I  made  a 

ofthecm-ves.  vertical  scctiou  in  the  median  line  of  the  spine  of  an 
adult  female,  which  had  been  removed  with  the  ligaments  and 
pelvic  bones  and  had  been  enveloped  in  plaster  of  Paris,  after  the 
manner  adopted  by  Weber.  By  this  means  the  curves  are  preserved 
nearly  correct.  Unless  the  spine  be  thus  fixed  in  plaster  of  Paris, 
or  in  some  other  way,  the  middle  of  each  intervertebral  substance 
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becomes  squeezed  out  by  the  Aveiglit  and  elasticity  of  the  adjacent 
parts,  as  soon  as  a  section  is  made ;  and  this  has  the  effect  of 
unduly  approximating  the  apposed  surfaces  of  the  bodies,  altering- 
their  relative  positions  and  modifying  the  curves.  (Of  course  the 
measm-ements  -would  be  found  to  vary  a  little  in  different  persons.) 
In  this  specimen  the  first,  or  cervical  curve,  commences  at  tlie 
top  of  the  odontoid  process  and  terminates  at  the  middle  of  the 
second  dorsal  A-ertebra.  It  has  its  convexity  in  front,  and  forms 
18°  of  a  circle  whose  radius  measures  6|  inches;  the  most  promi- 
nent point  anteriorly  is  the  fore  part  of  the  body  of  the  fourth 
cervical  vertebra.  The  second,  or  thoracic  curve,  commences  at 
the  middle  of  the  2nd  and  terminates  at  the  middle  of  the  last 
dorsal  vertebra.  It  has  its  concavity  forwards,  and  forms  42'^  of  a 
circle  whose  radius  measures  12|  inches  ;  the  most  prominent  point 
posteriorly  is  at  the  hinder  edge  of  the  body  of  the  7th  or  8th 
vertebra.  The  degree  of  curvatm'e  is  nearly  uniform,  if  not  quite, 
in  the  several  parts  of  each  of  these  two  curves.  The  third,  or 
lumbar  cmwe,  commencing  at  the  middle  of  the  last  dorsal, 
terminates  at  the  lower  and  anterior  edge  of  the  last  lumbar  ver- 
tebra. It  is  convex  anteriorly,  and  forms  80"  of  a  circle  whose 
radius  is  5|  inches.  This  is  the  mean  measm'ement ;  the  degree 
of  curvature  throughout  this  lumbar  portion  is  not,  however, 
by  any  means  miiform,  that  is  to  say,  it  does  not  form  a  part 
of  one  circle,  but  is  composed  of  parts  of  two  or  more;  for  the 
convexity  of  the  lower  three  vertebrse  is  much  greater  than  that 
of  the  upper  two,  which  together  with  the  last  dorsal  form  nearly 
a  straight  line.  The  fom-th,  or  pelvic  ciirve,  sharper  than  either 
of  the  others,  commences  at  the  upper  edge  of  the  sacrum  and 
terminates  at  the  tip  of  the  coccyx.  It  forms  125''  of  a  circle  whose 
radius  is  2|  inches.  In  this,  as  in  the  lumbar  region,  the  curve  is 
not  part  of  a  true  circle ;  the  degree  of  cmwatm-e  being  not  uni- 
form but  greatest  a  little  below  the  middle,  that  is,  at  the  lower 
part  of  the  sacrum. 

The  transition  of  the  lumbar  and  sacral  curves  into  one 

The  sax;ro- 

vertetrai  another  is  not,  like  that  of  the  others,  gradual,  so  as  to 

^^  ^'  render  it  rather  difficult  to  tell  where  the  convexity  of  the 

one  merges  into  the  concavity  of  the  other,  but  it  is  sharp,  forming 

10—2 
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a  salient  angle  of  120*^ :  this  angle  of  union  of  the  sacral  with  the 
lumbar  portion  of  the  column  is  called  the  sacro-vertehral  angle. 

The  upper  three  curves — the  cervical,  dorsal,  and 
of  the  curves  lumbar — are  so  arranged  that  their  chords  are  in  the 
are  m  the  line    g^me  Vertical  line  in  the  erect  position  of  the  body :  and 

of  gravity.  J-  -^  ' 

that  vertical  line  coincides  with  the  line  of  gravity  of 
the  head.  This  is  easily  ascertained  in  the  following  way.  We 
know  from  experiment  that  the  line  of  gravity  of  the  head  falls 
between  the  condyles  of  the  occipital  bone,  and  passes  through 
the  middle  of  the  odontoid  process.  Now  a  plumb-line  let  drop 
from  this  point,  in  the  specimen  from  which  the  above  measure- 
ments were  taken,  passes  directly  through  the  middle  of  the  body 
of  the  second  dorsal  vertebra,  through  the  middle  of  the  body  of  the 
last  dorsal  vertebra,  and  through  the  middle  and  antero-inferior 
edge  of  the  last  lumbar  vertebra ;  it  passes,  therefore,  through  the 
points  at  which  these  three  curves  run  into  and  support  one  another, 
i.  e.  it  coincides  with  the  chords  of  the  curves.  Prolonged  further 
downwards  the  plumb-line  falls  just  in  front  of  the  promontory  of 
the  sacrum,  and  bisects  a  line  drawn  transversely  through  the  middle 
of  the  heads  of  the  thigh-bones,  or  a  very  little  behind  the  middle. 
The  centre  of  gravity  of  the  cranium  with  its  contents  is,  there- 
fore, placed  immediately  over  the  heads  of  the  thigh-bones ;  and 
the  points  of  confluence  of  three  of  the  intermediate  spinal  curves 
are  in  the  line  of  gravity. 

The  line  of  gravity  thus  drawn  from  the  head 
backwards  through  the  spiue  to  between  the  heads  of  the  thigh- 
equaisthe         boucs,  coiucidiuff  with  the  chords  and  points  of  iunc- 

cervical  and  /  o  i  .j 

lumbar  curves    tion  of  the  Spinal  curvcs,  corresponds  with  the  hinder 

f o  r  W3,r  ds . 

edges  of  the  bodies  of  those  vertebree  which  are  situated 
at  the  foremost  part  of  the  cervical  and  lumbar  curves,  neither  of 
these  vertebral  bodies  being  entirely  in  front  of  it ;  whereas  it  runs 
quite  in  front  of  the  bodies  of  the  fifth,  sixth,  seventh,  eighth, 
and  ninth  dorsal  vertebras.  Hence  there  is  a  larger  portion  of 
the  dorsal  cmwe  behind  the  line  of  gravity  than  there  is  of  either 
the  cervical  or  dorsal  curves  in  front  of  it;  so  that  the  one  dorsal 
bend  backwards  is  made  about  sufficient  to  compensate  for  the 
cervical  and  lumbar  flexures  in  the  opposite  direction. 


THE   SPINE.  149 

Cause  of  the  ^^^®  ciu-ves  are  due  partly  to  the  sliape  of  the  verte- 

curves.  ^^.^1  bodies,  and  partly  to  that   of  the   intervertebral 

substances.  The  ciu'vature  in  the  neck  is  entirely  to  be  attributed 
to  the  latter;  for  the  upper  and  lower  surfaces  of  the  vertebral 
bodies  in  this  region  (as  may  be  seen  in  the  section,  PL  X.)  are 
parallel,  or  even  actually  fui-ther  apart  behind  than  in  front,  the 
reverse  being  the  case  "with  regard  to  the  intervertebral  substances  \ 
In  the  back  the  cm-vatui-e  is  almost  entirely  due  to  the  shape  of 
the  bodies,  which  are,  especially  at  the  middle  of  the  curve,  evi- 
dently deeper  behind  than  in  front.  Each  intervertebral  substance 
here  presents  nearly  a  uniform  thickness,  the  contiguous  upper  and 
lower  sm-faces  of  the  vertebral  bodies  being  almost  parallel.  In  the 
lumbar  region  the  shapes  both  of  the  vertebrte  and  of  the  interver- 
tebral substances  contribute  to  the  cmwe.  The  body  of  the  lower- 
most lumbar  vertebra  is  nearly  a  third  less  deep  behind  than  in 
front  (PI.  IX.  and  X.).  In  the  others  the  difference  is  less 
marked,  the  upper  and  lower  sm-faces  being  more  nearly  parallel. 
The  depth  of  the  lumbar  intervertebral  substances  is  also  mani- 
festly greater  in  fr-ont  than  behind.  This  account  agrees,  on  the 
whole,  with  the  measurements  given  at  length  by  the  brothers 
"Weber^ 

A  few  other  particulars  in  which  the  shapes  of  the 
teb^^modS'ed  vcrtcbras  are  modified  in  reference  to  the  curves,  deserve 
m  reference  to    nientiou.     First,  the  middle  part  of  the  body  of  each  of 

tne  curves,  J-  "^ 

the  dorsal  vertebra,  fi-om  the  fourth  to  the  eighth  more 
especially,  that  is  about  the  middle  of  the  curve,  is  projected  for- 
ward, so  as  to  render  its  horizontal  section  somewhat  heart-shaped ; 

and  when  they  are  united  together  a   sort  of  ridge  is 

in  their  bodies,     /,-,,.  .  .  ,  ,  f,     -,  t 

formed  which  projects  into  the  interior  of  the  curve,  and 
affords  additional  support  where  it  is  most  needed.  Above  and 
below  this  part,  on  the  contrary,  the  vertebral  bodies  are  expanded 


^  It  ■will  be  seen  from  the  drawing  that  they  are  not  truly  parallel,  both  surfaces 
being  rather  concave,  as  in  the  loins,  so  as  to  give  somewhat  of  a  globular  shape  to 
the  intervertebral  substances  lying  between  them,  which  facilitates  the  movement  of 
the  vertebrse  upon  one  another.  In  the  back,  where  the  movements  are  very  limited, 
not  only  are  the  intervertebral  spaces  shallower,  but,  as  stated  in  the  text,  the  upper 
and  lower  surfaces  of  the  contiguous  vertebrae  are  more  truly  parallel. 

^  Mechanik  der  menschlicken  GehiverJczenge,  s.  92.  _         ..  .r 
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laterally;  and  in  the  lumbar  region,  in  an  especial  manner,  they 
are  spread  out  at  the  posterolateral  parts  where  the  weight  chiefly 
falls.     (PI.  IX.) 

Secondly,  the  posterior  aspect  of  the  dorsal  bodies  is  flat  and 
even,  presenting  a  plane  uninterrupted  surface  to  the  vertebral 
canal,  which  is  quite  necessary,  because  the  anterior  wall  of  the 
canal  which  is  formed  by  them,  being  convex,  the  cord  is  in  close 
contact  with  it,  and  may  be  said  to  be  stretched  over  it.  The  dura 
mater  is  also  adherent  to  the  ligament  which  covers  the  hinder  sur- 
face of  the  bodies  of  these  vertebrse.  In  the  lumbar  region,  on  the 
contrary,  where  the  anterior  side  of  the  vertebral  canal  is  concave 
and  where  the  cord  is  consequently  not  in  close  contact  with  it,  the 
dura  mater  is  less  adherent  and  the  surface  is  much  less  even ;  the 
middle  parts  of  the  bodies  of  the  several  vertebrse  are  here  hol- 
lowed out,  and  their  upper  and  lower  edges,  with  the  intervertebral 
substances,  are  proportionately  prominent.  Thus  there  are  inter- 
spaces left  between  the  concave  vertebral  bodies  and  the  spinal  cord 
in  this  situation,  which  are  occupied  by  fine  soft  fat.  Fat,  indeed, 
exists  in  considerable  quantity  about  this  part  of  the  vertebral  canal, 
furnishing  protection  to  the  nervous  cords  against  the  injuries 
which  would  be  likely  to  result  from  the  comparatively  free  move- 
ments of  the  bones. 

Thirdly,  the  spinous  processes  are  slanted  very  ob- 

in  their  spinous  ^•         ^  ,  ^  ,  i  i    ,  •       . 

processes,  liquciy  SO  as  to  Overlap  one  another  and  to  project  very 

little  in  the  back,  where  the  prominence  of  the  column 
itself  affords  sufficient  leverage  to  the  muscles.  In  the  neck  and 
loins,  where  this  advantage  is  wanting,  owing  to  the  concavity  of 
the  hinder  aspect  of  the  column,  the  deficiency  is,  in  part,  supplied 
by  the  greater  prominence  of  these  processes.  So  that  we  should 
make  quite  an  erroneous  estimate  of  the  amount  of  flexure  of  the 
several  parts  of  the  column,  if  we  were  to  form  our  judgment  from 
the  curves  presented  by  the  line  of  the  spinous  processes. 

Fourthly,  the  depth  and  overlapping  of  the  vertebral 

3/nci  3,rcli6s. 

arches  in  the  convex  dorsal  portion  of  the  column  af- 
ford protection  to  the  spinal  cord:  this  has  already  been  mentioned 
(page  143),  and  contrasted  with  the  shape  of  the  same  parts  in  the 
concave  cervical  and  lumbar  regions. 
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The  disposition  of  tlie  vertebrae  in  three  curves 
SnpinTt'o^^  betvN-een  the  pelvis  and  the  head  enables  the  spinal 
bear  greater      colunin  to  bear  a  fiTeater  Vertical  weiffht  than  it  could 

vei-tical  weight.  '->  ^ 

have  done  if  the  bones  had  been  arranged  in  a  straight 
line  one  above  the  other.  This  may  seem  paradoxical,  and  would 
be  imtrue  if  we  could  regard  the  part  as  inelastic,  for  any  inelastic 
column  must  clearly  be  strongest  when  straight.  Practically,  how- 
ever, all  columns  are  more  or  less  elastic,  and  if  pressed  by  vertical 
weights  first  bend,  and  then  break.  It  has  been  calculated  that 
when  a  coliunn  is  just  going  to  bend,  the  weight  sustained  is 
inversely  proportional  to  the  square  of  the  length;  greater  force  is 
therefore  required  to  produce  bending  in  a  short  column  than  in  a 
longer  one  which  is  equal  in  breadth  and  material.  Now  the 
spine,  consisting  of  three  curves,  and  being  elastic,  must  bend  in 
three  curves  (that  is,  must  bend  as  though  it  were  composed  of 
three  short  columns) ;  and  a  greater  force — say,  nine  times  as  much 
— is  required  to  bend  it  than  if  it  had  been  straight,  and,  therefore, 
capable  of  bending  in  one  curve. 

And  when  we  consider  the  spine,  not  merely  as  a 
^es^kfuw'  stationary  but  as  a  moving  column,  carried  to  and  fro 
movements       ^cudi  subiectcd  to  suddcu  chanffcs  of  position  and  ierks 

of  the  body.         ....  . 

in  different  directions,  we  perceive  how  greatly  the 
an-angement  of  its  bones  in  alternate  cmwes  must  further  contribute 
to  its  general  resisting  power  and  security.  Suppose,  for  instance, 
the  lumbar  portion,  instead  of  being  bent,  had  been  continued  up  in  a 
straight  line  from  the  sacrum :  in  that  case  when  the  pelvis  was  car- 
ried forwards,  in  walking  or  running,  the  strain  upon  the  ligaments 
that  unite  the  fore  parts  of  the  bodies  of  the  vertebrae  together  and 
to  the  sacrum,  would  have  been  so  excessive  that  a  far  greater 
strength  than  now  would  have  been  necessary  to  attain  the  same 
secmity,  and  it  would  have  been  much  more  difficult  to  maintain 
the  proper  balance  of  the  trunk.  Owing,  however,  to  the  curve  in 
which  the  bones  are  arranged,  the  onward  impulse  of  the  sacrum  is 
shared  betT\-een  the  bones  and  the  ligaments,  being  communicated  in 
an  oblique  line,  partly  to  the  body  of  the  last  vertebra,  and  partly  to 
the  tough  inelastic  fibrous  bands  that  unite  the  fore  parts  of  that 
vertebra  with  the  sacnim.     The   broken   force   thus   received  by 
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the  last  vertebra  Is,  in  like  manner,  transmitted  olbliquely  on- 
wards, and  is  shared  between  the  body  of  the  fourth  vertebra 
and  the  ligaments  which,  forming  the  fore  part  of  the  inter- 
vertebral substance,  connect  it  with  the  vertebra  above;  and  so 
on.  In  this  way,  by  virtue  of  the  direction  of  the  curve  and  the 
structure  of  the  spine,  the  force  is  decomposed,  and,  being  shared 
between  several  bones  and  their  connecting  ligaments,  is  borne 
without  particular  stress  on  any  one  part.  The  same  applies  to 
other  regions  of  the  column,  though  in  a  less  striking  manner 
than  to  this,  which  having  to  bear  the  greatest  weight  and  to 
receive  the  first  impulses  from  the  pelvis  is,  as  a  compensation, 
provided  with  the  sharpest  curve  \ 

It  appears,  indeed,  that  in  the  construction  of  the  human 
spine  every  thing  is  disposed  to  such  advantage,  the  bones  are 
so  shaped  and  sized,  are  so  adjusted  in  curves  and  so  arranged 
with  intervening  soft,  semifluid  intervertebral  substances,  that  the 
required  amount  of  elasticity,  strength  and  capacity  of  movement 
are  afforded  by  the  smallest  possible  quantity  and  weight  of  mate- 
rials. We  find,  accordingly,  as  we  descend  towards  the  lower  parts, 
in  proportion  as  the  superincumbent  weight  increases  so  do  the 
bones  gradually  become  larger,  and  the  intervertebral  substances 
are  likewise  larger  and  thicker.  We  find  also,  that  at  the  lowest 
part,  where  the  weight  is  greatest  and  the  movements  are  most  free, 
the  curve  is  the  shortest  as  well  as  the  sharpest;  that  in  the  neck, 
where  the  vertebra3  are  small  and  the  movements  are  free,  the 
ciu've  is  also  short ;  and  in  the  back,  where  the  movements  are  very 
limited  and  the  bones  are  of  considerable  size,  the  curve  is  the 
longest. 

When  the  body  is  moved  quickly,  as  in  running,  the  whole 
column,  with  the  pelvis,  is  inclined  forwards,  the  degree  of  incli- 
nation increasing  with  the  rate  of  progression;  thus  the  bones  and 
ligaments  are  placed  in  a  more  favom^able  position  to  receive  the 
impulses  from  the  lower  extremities,  in  proportion  as  those  impulses 
become  more  violent. 


^  In  the  chimpanzee  and  other  quadrumana,  which  are  adapted  for  climbing  rather 
than  walking,  the  lumbar  curve  is  less  sharp  and  the  bodies  of  the  lumbar  and  sacral 
vertebrae  are  proportionately  less  large  than  in  man. 
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The  ach'anta<>'es  afforded  Iby  the  curves  in  the  way 

Spine  bi'aced  on  ^  _ 

either  side  by  just  mentioned  apply  of  course  only  to  the  backward 
and  forward  movements  of  the  body;  to  the  latter, 
which  are  the  more  forcible,  in  an  especial  manner.  #The  move- 
ments from  side  to  side  are  much  less  extensive  and  sudden;  and, 
it  must  be  remembered,  that  the  column  is  strongly  braced  in  a 
lateral  direction  by  the  muscles  which  pass  between  its  transverse 
processes,  and  still  more  by  those  muscles  which  pass  between  the 
pelvis  and  thorax  below,  and  between  the  thorax  and  cranium  above. 
In    addition    to    the    resolution  and   distribution  of 

Curves  so  dis- 
posed as  to        forces  which  the  cmwes  effect  during  the  movements  of 

protect  the  cord  _       . 

in  movements  the  body,  it  is  to  be  remarked  that  they  enable  the 
movements  of  the  several  parts  of  the  spine  upon  one 
another  to  take  place  without  injury  to  the  cord;  and  they  are 
arranged  with  especial  reference  to  this  point.  I  find  from  obser- 
vations, to  be  presently  mentioned,  that  when  the  spine  is  bent 
forwards  or  backwards  the  movement  takes  place  chiefly  in  its 
lumbar  and  cervical  portions.  Had,  therefore,  the  bones  in  those 
regions  been  arranged  in  a  straight  line,  or  still  more  had  they 
been  curved  backwards,  it  is  evident  that  any  bending  of  the  spine 
forwards  would  have  been  attended  with  some  j)i'ojection  into 
the  vertebral  canal,  which  would  have  been  likely  to  cause  injury 
to  the  nervous  centre.  But  forasmuch  as  the  curve  is  so  disposed 
as  to  render  the  anterior  surface  of  the  canal  concave,  a  consider- 
able bend  of  the  column  can  take  place  without  any  possibility  of 
injury  to  the  cord.  In  the  back,  on  the  contrary,  where  the  pos- 
terior sm-faces  of  the  bodies  and  the  intervertebral  substances 
present  an  even  convex  surface  to  the  canal,  any  considerable  ad- 
dition to  the  flexm-e  of  the  column  would  be  liable  to  stretch  and 
damage  the  cord;  we  shall  find,  accordingly,  in  the  disposition  of 
the  articulating  processes  and  in  other  ways,  that  provision  is  made 
to  prevent  such  movement. 

Xot  only  do  the  curves  contribute  to  the  grace  and 

The  disposition  _    _  •'  _  ° 

of  the  organs     elasticity  of  the  movements  of  the  spine,  and  prevent 

and  muscles  -  ..  „.  ,...  .., 

with  reference  the  Communication  ot  jars  and  injurious  impulses  of 
to  the  curves,  y^rious  kinds  from  one  part  to  another ;  but  they  also 
afford    additional    surface    for    contact    and   additional   means    of 
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support  to  the  contiguous  soft  parts ;  and  these  are  distributed, 
in  some  measure,  with  reference  to  them :  thus  the  heavier  vis- 
cera— the  liver  and  spleen — are  placed  in  the  hollow  at  the  lower 
region  of  the  back  so  as  to  rest  upon  the  lumbar  prominence, 
and  to  be  partly  in  and  even  a  little  behind  the  line  of  gravity. 
It  is  also  worthy  of  remark  that  the  anterior  concavities  of  the 
curves  occur  in  the  thorax  and  pelvis  where  the  rest  of  the  wall 
enclosing  the  viscera  is  comparatively  or  absolutely  unyielding. 
The  inconvenience  which  would  result  from  a  convexity  of  the 
spine  projecting  into  either  of  these  regions  is  obvious. 

Advantage  is,  in  like  manner,  taken  of  the  spaces  which  the 
curves  afford  in  the  back  for  the  lodgement  of  muscles.  Thus  the 
fleshy  bellies  of  the  powerful  muscles  that  maintain  the  trunk  erect 
upon  the  pelvis,  and  of  those  that  support  and  wield  the  head  upon 
the  spine,  are  placed  in  the  concavities  of  the  lumbar  and  cervical 
curves ;  while  the  convexity  of  the  dorsal  portion  affords  a  favour- 
able leverage  for  the  attachment  of  the  tendinous  prolongations 
of  both  sets  of  muscles. 

Not  caused  by  I*  has  bccu  supposcd  by  somc  anatomists  that  the 

muscular  action,  curves  are  duc  to  the  contractions  of  these  muscles 
predominating  over  their  opponents  and  drawing  together  the 
arches  and  spines  of  the  lumbar  and  cervical  vertebrae ;  the 
dorsal  bend  in  the  opposite  direction,  being  secondary  to  and  con- 
sequent on  these  two  primary  curves  in  the  neck  and  loins.  There 
does  not  seem  to  be  any  good  evidence  in  favour  of  such  a  view. 
It  is  more  probable  that  the  several  flexures,  that  is  to  say,  the 
shape  of  the  spinal  column,  is  a  resultant  of  the  same  forces  of  de- 
velopment which  evolve  the  forms  of  the  several  vertebrae  and  of  the 
other  parts  of  the  body.  It  has  been  already  said  (page  134)  that 
the  cmwes  scarcely  exist  at  the  time  of  birth  although  the  pre- 
paration for  them  may  be  observed  in  the  configuration  of  the 
vertebral  bodies.  For  some  time  after  birth  the  spine  is  so  flexible 
that  it  is  difficult  to  decide  what  is  its  true  shape.  The  formation 
of  all  the  curves,  of  the  upper  three  at  any  rate,  must  commence 
and  proceed  almost  cotemporaneously.  If  there  be  any  difference 
in  point  of  time  it  is  that  the  dorsal  curve  has  slightly  the  prece- 
dence, the  lumbar  curve  following  closely  upon  it.     Up  to  ado- 
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lescence  all  the  curves  become  gradually  more  marked ;   and  after 
maturity  tlie  dorsal  curve  often  increases  in  length  and  depth  at 
the  expense  of  those  above  and  below  it  (page  173). 
Similar  cun-es  '^^^^  rcspectivc  parts  of  the  column  in  other  mam- 

foundinthe      iQai^  present,  generally  speaking,  similar  curves  to  those 

spine  of  other  ■■-  '  '^  •/       i.  o ' 

mammals.  in  the  human  spine;  though  the  degree  of  flexure 
varies  a  good  deal  in  each  part  in  different  animals.  The  curve 
in  the  loins,  which  has  especial  relation  to  the  upright  postxire, 
is  in  all  much  less  marked  than  in  man ;  in  some  animals  the 
spine  is  here  quite  straight;  in  some,  it  is  curved  in  a  direction 
opposite  to  that  in  man :  in  the  elephant,  for  instance,  the  spine 
from  the  pelvis  to  the  neck  forms  a  single  arch.  The  dorsal  curve 
is  generally  wider  in  animals  than  in  man.  In  some  it  is  sharper 
at  the  fore  part  than  elsewhere;  it  is  so  in  the  horse,  and  in  most 
animals  whose  weight  is  much  thrown  upon  the  fore  legs  in  running 
and  leaping. 

A  slight  lateral  curvature,  with  the  convexity  to  the 

Lateral  cui-ves.       ..  i^  i-i  -in 

right,  IS  commonly  fomid  m  the  middle  and  upper  part 
of  the  back ;  and  there  are  compensating  curves  above  and  below, 
so  slight  as  scarcely  to  be  perceptible.  These  lateral  curves  are 
not  sufficiently  pronomiced  to  have  any  relation  to  the  functions  of 
the  column  as  an  organ  of  support  or  of  motion.  The  chief,  or 
primary  one,  to  the  right  has  been  attributed  to  the  presence  of  the 
aorta,  which  by  pulsating  along  the  left  side  of  the  column  causes 
a  slight  flattening  of  the  vertebral  bodies  in  its  track,  and  has  been 
supposed  to  cause  a  slight  deflexion  of  the  spine  to  the  opposite 
side.  If  the  cmwe  were  really  induced  in  this  way  we  should 
expect  to  find  it  present  at  birth,  which  is  not  so;  and  the  obser- 
vation by  Professor  Otto^  of  a  case  in  which  the  aorta  arched  to 
the  right  and  descended  on  the  right  side  of  the  spine,  instead  of 
the  left,  the  cmwature  of  the  spine  nevertheless  taking  its  usual 
direction,  quite  proves  that  the  cmwe  and  the  vessel  have  no  direct 
relation  to  one  another  in  the  way  of  cause  and  effect.  It  seems  more 
probable  that  this  bend  of  the  spine  to  the  right  side  in  the  back  is 


^  Seltene  Beohachtungen.     Zweite  Sammlung,  s.  6i. 
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dependent  upon  the  more  frequent  use  and  greater  strength  of  the 
right  hand  and  arm  as  compared  with  the  left,  and  upon  the  con- 
sequent inclination  of  the  upper  part  of  the  spine  towards  the  left 
side  for  the  purpose  of  maintaining  the  balance  and  giving  a  firm 
basis  of  action  to  the  muscles  moving  the  arm.  This  view  derives 
confirmation  from  the  fact  that  Beclard  found  the  curve  taking  an 
opposite  direction  in  the  spine  of  a  person  who  was  known  to  have 
been  left-handed. 

Vertebral  '^'hc  Vertebral  canal  varies  in  its   size  at   different 

canai,-dimen-       ^.^g  ^f  ^1^^  columu  (PI.  IX.  and  PI.  X.).    It  is,  ou  the 

sions  of  at  dif-    ■■■  ^  ' 

ferent  parts,  wliolc,  largest  wlicrc  the  movements  of  the  vertebrse  are 
most  free.  At  the  second  cervical  vertebra  its  antero-posterior 
diameter,  measuring  f  of  an  inch,  is  greater  than  at  any  other  part 
of  the  neck  or  at  any  part  of  the  back.  From  this  it  gradually 
diminishes  to  the  middle  of  the  back,  where  it  measures  f  of  an 
inch  or  less.  As  we  trace  it  further  downwards  it  gradually  in- 
creases to  the  last  lumbar  vertebra,  where  it  measures  f  inch.  Below 
this  it  diminishes  quickly  to  its  termination.  The  canal  is,  there- 
fore, most  roomy  from  before  backwards  in  the  neck  and  loins, 
where  the  antero-posterior  movements  of  the  spine  are  greatest, 
and  where  the  cord  is  least  closely  attached  to  the  vertebral 
bodies,  which,  in  these  regions,  present  an  undulating  surface 
to  it. 

The  lateral  diameter  of  the  canal  is  greatest  at  the  atlas,  where 
it  measures  nearly  an  inch  and  a  half.  It  must  be  remembered 
that  the  presence  of  the  vertebral  arteries,  and  the  room  required  for 
the  rotatory  movements  of  the  atlas  upon  the  axis,  curtail  somewhat 
the  space  here  allotted  to  the  cord.  Nevertheless,  the  great  width 
of  the  canal  at  this  part  affords  an  explanation  of  the  fact  of  the 
cord  having  escaped  injurious  pressure  in  some  of  those  remarkable 
instances  of  displacement  of  the  bones  from  disease,  which  are  every 
now  and  then  met  with.  At  the  axis  the  measurement  of  the  canal 
from  side  to  side  is  about  an  inch,  and  continues  the  same,  or  a  little 
less,  down  the  neck.  At  the  second  dorsal  vertebra  it  is  suddenly 
diminished,  measuring  only  f  inch;  so  that  the  transverse  section 
of  the  canal  here  is  nearly  circular;  it  is  of  the  same  shape  through 
the  greater  part  of  the  back.     At  the  last  dorsal  vertebra  the  lateral 
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diameter  is  I  incli.     It  increases  to  an  inch  in  the  loins  and  dimi- 
s 

nishes  again  in  the  sacrum  \ 

Connection  of  The  cord  is  morc  closely  connected  with  the  bodies 

anterior  aid  than  witli  tlic  archcs  of  the  vertebras  all  the  way  down; 
posterior  wall.  .-^^^^  ^j-^^  dm'a  mater  is  adherent  to  the  posterior  surface 
of  the  vertebral  bodies,  or,  rather  to  the  posterior  vertebral  liga- 
ments, by  fibrous  tissue.  It  follows,  as  before  said,  the  even  convex 
surface  of  the  dorsal  bodies  more  closely  than  the  undulating  con- 
cavo-convex aspects  of  the  cervical  and  lumbar  vertebrae.  The 
interval  between  the  dm-a  mater  and  the  vertebral  arches  is  oc- 
cupied by  tine  adipose  tissue,  which  quite  separates  the  one  from 
the  other  along  the  whole  length  of  the  canal. 

It  is  remarkable  how  seldom  the  shape  of  the  vertebral  canal 
is  altered,  and  the  cord  subjected  to  any  injurious  pressure,  by 
outgrowths  from  the  bodies  of  the  vertebras.  These  are  very  com- 
mon at  the  fore  part  and  sides  of  the  vertebrae,  particularly  near 
the  upper  and  lower  edges  of  the  bodies ;  but,  fortunately,  very 
seldom  appear  behind.  I  remember  one  instance,  and  only  one, 
of  this  kind.  A  man  had  been  paraplegic  for  many  years;  and  we 
found,  on  post-mortem  examination,  that  the  loss  of  nervous  power 
in  the  lower  half  of  the  body  had  been  caused  by  a  bony  outgrowth 
from  the  hinder  part  of  one  of  the  dorsal  vertebrge,  which,  projecting 
into  the  canal,  had  pressed  upon  the  cord.  It  was  of  small  size, 
and  not  rough;  but,  being  situated  in  the  part  of  the  canal  where 
the  sm-face  is  convex  it  soon  produced  an  effect  upon  the  cord^. 
It  will   be  observed  from  PL  X.  fig.  1,  that  the 

Position  of  the  .         ,,    .  •■  n    i    • 

intervertebral  "  intervertebral  foramma  m  the  neck  and  loins  are, 
oramina.  ^^^^^^  regard  to  their  respective  vertebrae,  on  a  plane 
anterior  to  those  in  the  back,  that  is,  are  closer  to  the  bodies  of  the 


^  Cruveilhier  gives  the  followiBg  measurements  of  the  vertebral  canal : 

Transverse  diameters.  Antero-posterior  diameters. 

In  the  neck      .         .         .         1 1  lines         ...         6  lines. 
In  the  back      ...  7  lines         ...  6  lines. 

In  the  loins      ...  10  lines         ...         8  lines. 

2  Dr  Eeid  haa  recorded  a  case  in  which  a  conical  exostosis,  growing  from  the 
posterior  part  of  the  odontoid  process  of  the  axis,  caused  fatal  compression  of  the  cord. 
London  and  EdinhurgJi  Journal  of  Medical  Science,  1843. 
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vertebi'ge.  This  has  relation  to  the  direction  taken  by  the  nerves 
emerging  from  them;  the  cervical  and  lumbar  nerves  passing  for- 
wards to  their  respective  plexuses,  whereas  the  dorsal  nerves  are 
at  first  directed  backwards,  along  the  lower  edges  of  the  ribs.  In 
the  neck  the  forward  position  of  the  foramina,  which  is  more  marked 
than  in  the  loins,  has  relation  also  to  the  fact  that  the  vertebral 
arches  are  at  first  directed  outwards  from  the  bodies  instead  of 
passing  straight  backwards  as  they  do  in  the  dorsal  region. 

Being  included  between  the   pedicles  of  the   con- 

Their  shape  and    _  •"■_ 

size  vary  in       tiguous  Vertebrae  the  shape  and  position  of  the  interver- 

different  parts.      ,    i       t    n  •  t  ,,..  , 

tebral  loramma  vary  according  to  the  relative  size  and 
position  of  the  pedicles;  though  in  all  parts  they  are  of  ample 
dimensions  to  prevent  injurious  pressure  upon  the  nerves  during 
the  movements  of  the  vertebrge.  In  the  neck,  where  the  pedicles 
are  relatively  large,  the  intervertebral  foramina  are  comparatively 
small  and  roundish.  In  the  back  where  the  pedicles  are,  for  the 
most  part,  relatively  small,  the  foramina  are  large  and  oval  or 
ovoid,  the  larger  end  of  the  oval  being  directed  upwards  and  back- 
wards. The  nerves  here  pass  through  the  upper  and  larger  parts 
of  the  foramina,  under  shelter  of  and  close  beneath  the  bridges 
foraied  by  the  junction  of  the  pedicles  with  the  inferior  articu- 
lating processes;  and  this  position  of  the  nerves  in  their  course 
upwards  backwards  and  outwards  to  gain  the  lower  edge  of  the 
ribs,  accounts  for  their  escaping  so  often  in  angular  curvature  of  the 
back.  In  that  disease  the  bodies  of  several  dorsal  vertebrse  may  be 
destroyed,  the  adjacent  ones  above  and  below  the  ulcerated  chasm 
may  fall  together  and  become  united,  while  the  arches  not  being 
involved  in  the  disease  are  thrown  back,  and  the  nerves  escape. 
In  the  loins  the  bodies  of  the  vertebrse  are  large,  so  that  the  pedicles 
stand  well  apart  from  one  another,  and  the  foramina  are  large  and 
oval.  The  nerves  in  their  passage  obliquely  through  them  from 
above  downwards  lie,  not  so  much  under  shelter  of  the  arch  of  the 
vertebra  above,  as  upon  the  pedicle  of  the  one  below^. 


^  In  certain  fishes  and  in  the  buffalo,  and  perhaps  in  some  other  animals,  the 
nerves  pass  through  foramina  in  the  pedicles  of  the  respective  vertebrae  instead  of 
between  them ;  the  foramina  are  in  them  accordingly  vertebral  not  intervertebral. 
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CONNECTION  OF  THE  VERTEBRA  WITH  ONE  ANOTHER. 

intei-vertebrai  The  great  bond  of  union  between  tbe  component  parts 

substances.  ^£  ^^^q  spinal  column  is  fiu'nislied  by  the  intervertehral 
substances,  "which  are  inserted  between  the  bodies  of  the  several 
vertebrse.  Thej  are  composed  chiefly  of  fibrous  and  fibro-cartilagi- 
nous  tissue,  connected  with  the  opposed  sm-faces  of  the  vertebrse  so 
that  there  is  no  periosteum  in  this  situation.  At  the  circumference 
of  each  intervertebral  substance  the  fibrous  tissue  predominates,  and 
is  arranged  in  fibres  or  bands,  which  cross  one  another  obliquely  and 
are  arranged  in  concentric  layers  (PI.  XI.  fig.  4  and  PI.  XII.  fig.  1). 
Nearer  to  the  middle  part  the  layers  become  less  distinct  and  are 
broken  up  into  detached  branching  fibres :  they  here  contain  more 
fibro-cartilaginous  and  cartilaginous  substance  in  their  structure,  with 
cartilage-cells  irregularly  dispersed  in  them;  and  there  is  a  greater 
quantity  of  interstitial  fluid.  The  latter  increases  towards  the  inte- 
rior of  the  intervertebral  substance,  so  much  that  in  the  middle  it 
forms  the  chief  constituent;  and,  being  tightly  embraced  by  the  cir- 
cumferential fibrous  and  fibro-cartilaginous  layers,  it  constitutes  a 
nucleus,  or  fluid  cushion,  or  pivot,  which  supports  the  middle  part 
of  the  body  of  each  vertebra,  prevents  unequal  pressure,  and  forms 
the  centre  of  movement  of  one  vertebra  upon  another.  The 
tight  manner  in  which  this  central  and  more  fluid  portion  of  the 
intervei'tebral  substance  is  embraced  by  the  circumferential  liga- 
mentous structure  is  shown  by  the  manner  in  which  it  bulges  out 
from  its  confinement  when  a  longitudinal  section  of  the  spine  is 
made^.  This  central  compressed  fluid  ball  is  most  marked  in  the 
neck  and  loins,  where  the  movements  of  the  bones  are  most  free, 
and  where  the  opposed  surfaces  of  the  bodies  of  the  vertebrae  are 


^  In  the  foetal  and  young  child  the  central  cavity  is  still  more  distinct,  being  of 
greater  proportionate  size,  and  the  contained  fluid  is  more  limpid  (PI.  IV.  fig.  i).  This 
■was  observed  by  Euysch,  Thesaurus  Anat.  IV.  No.  LXiii.  For  an  accurate  chemical 
and  microscopical  account  of  this  fluid  see  Luschka,  in  Virchow's  Archiv,  ix.  316.  As 
a  general  rule,  the  cavity  diminishes  and  the  intervertebral  substance  .becomes  drier 
and  more  dense  as  aj^e  advances. 
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hollowed  out  to  afford  it  greater  space,  presenting,  in  this  respect, 
some  similarity  to  the  fish's  vertebree.  When  the  fluid  centre  is 
cleared  out  a  cavity  is  left,  surrounded  by  the  solid  fibrous  and 
fibro-cartilaginous  portion  of  the  intervertebral  substance,  and 
bounded  above  and  below  by  the  cartilaginous  surfaces  of  the  con- 
tiguous vertebral  bodies.  From  these  cartilaginous  surfaces  delicate 
fibres  hang  into  the  central  cavity,  containing  at  their  free  extre- 
mities cartilage-cells,  and  presenting  some  resemblance  to  the  pro- 
cesses which  hang  into  some  parts  of  the  synovial  cavities. 

Plate  XI.  fig.  1,  gives  a  representation  of  a  lonsritu- 

Their  structure       _  o        '  o  L  & 

displayed  by  diual  scctiou  from  before  backwards  of  the  lower  three 
'  lumbar  vertebrse  and  of  the  two  intervertebral  sub- 
stances between  them.  Plates  of  steel  were  inserted  between 
the  vertebrge  before  the  section  was  made  to  prevent  their  ap- 
proximation and  the  consequent  alteration  of  the  direction  of  the 
intervertebral  fibres.    It  will  be  seen,  that  immediately  in  front  and 


DESCEIPTION  OF  PLATE  XI. 

Fig  I.  Vertical  section  from  before  backwards  of  lower  three  lumbar  vertebrse 
and  their  intervertebral  substances,  showing  the  structure  of  the  latter.  See  descrip- 
tion above. 

Fig.  2.  Horizontal  section  of  vertebral  column  in  the  middle  of  the  neck  in  recent 
subject.  It  has  been  made  through  the  intervertebral  substance  and  the  articulating 
processes  so  as  to  show  the  shape  and  direction  of  their  articidating  surfaces.  A  the 
articulating  processes  of  the  vertebra  above  (all  the  rest  of  vertebra  was  above  the 
section).     £  those  of  the  vertebra  below. 

Fig.  3.  Ditto  in  the  back,  through  the  lower  part  of  the  body  and  through  {A, 
C,  D)  the  articulating  processes,  arch  and  spine  of  the  fourth  dorsal  vertebra.  The  arti- 
culating processes  are  disposed  in  a  curved  manner  around  the  convex  articulating 
surfaces  {B)  of  the  fifth  dorsal  vertebra.  E  the  cut  ends  of  the  fibres  of  the  liga- 
mentum  subflavum.  F  the  transverse  processes  of  the  fifth  vertebra.  G  sections 
of  the  ribs  abutting  upon  the  sides  of  the  vertebral  body. 

Fig.  4.  Ditto  in  the  loins.  A  the  articulating  processes  of  the  third  lumbar 
vertebra,  all  the  rest  of  the  vertebra  was  above  the  section.  Their  cartilaginous  sur- 
faces, slightly  convex,  are  directed  outwards  and  embraced  by  {B)  the  slightly  concave 
articulating  processes  of  the  fourth  vertebra.  £" parts  of  ligamentum  subflavum;  other 
parts  of  this  ligament  connected  with  the  spines  and  arch  have  been  cleared  away. 
The  section  passing  through  the  intervertebral  substance  shows  the  concentrically 
laminated  disposition  of  its  fibres  near  the  circumference,  and  the  absence  of  distinct 
fibrous  structure  in  the  middle. 
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behind  the  central  more  fluid  part  the  fibres  connecting  the  opposed 
sui'faces  of  the  bodies  are  slightly  bent,  the  cm-ves  which  they 
form  having  their  concavities  towards  the  centre.  As  they  lie 
nearer  to  the  circumference  the  fibres  are  closer,  more  compact  and 
sti-aighter;  the  outermost  are  quite  straight,  so  that  the  external  sur- 
faces of  the  intervertebral  substances  are  flat.  It  may  be  observed, 
that  the  surfaces  of  the  bodies  of  the  vertebrae  next  the  interverte- 
bral substances  present  a  waving  line.  They  recede  from  each  other 
at  the  middle,  or  a  little  behind  it  where  the  interspace  is  seen  to 
be  widest.  They  approach  one  another  near  the  edge  where  the 
interspace  is  seen  to  be  narrowest;  and  they  again  recede  in  the  im- 
mediate neighbourhood  of  the  edge.  In  the  latter  situation  the 
intervertebral  fibres  pass  quite  straight  from  one  vertebra  to  the 
other.  If  the  bodies  of  the  vertebree  be  approximated  to  one  an- 
other on  one  side  these  external  fibres  acquire  a  slight  degree  of  the 
same  ciu've  as  the  more  central  ones  at  that  part;  and  this  is  what 
takes  place  in  the  movements  of  the  column,  the  surfaces  of  the 
intervertebral  substances  being  bulged  out  a  little  in  the  direction 
to  which  the  spine  is  inclined.  I  have  made  several  sections  to 
ascertain  the  correctness  of  this  representation,  and  can  discover  no 
gTOund  for  the  account  given  by  Weber  in  Meckel's  Archiv  and 
also  in  the  Gehioerkzeuge,  which  has  been  repeated  by  others,  that 
the  fibres,  near  the  middle  of  the  intervertebral  substances  are  bent 
inwards,  and  that  those  near  the  circumference  are  bent  outwards. 
The  great  thickness  and  strength  of  the  ligamentous  bands  which 
form  the  fore  part  of  the  intervertebral  substances  in  the  lower 
region  of  the  loins  is  a  provision  for  resisting  the  strains  to  which 
this  portion  of  the  column  is  necessarily  subjected  when  the  lower 
limbs  and  pelvis  are  suddenly  moved  forwards. 

The  intervertebral  substances  are  almost  extra  vascular;  vessels 
having  been  traced  only  a  short  distance  into  their  outer  sheets. 
Their  varying  They  vary   a  good   deal    in  thickness    in   different 

thickness.  parts  of  the  column.  That  between  the  second  and 
third  cervical  vertebra  is  thinner  than  any  other.  They  are  very 
thin  in  the  middle  of  the  back,  or  rather  from  the  third  vertebra 
to  the  seventh.  They  are  rather  thicker  in  the  neck.  Below  the 
seventh  dorsal  vertebra  they  gTadually  increase  as  we  trace  them 

11 
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downwards  to  tlie  lower  part  of  the  loins,  where  then*  great  thick- 
ness not  only  tends  to  break  the  jars  to  which  the  lower  part  of 
the  column  is  subjected,  but  also  counterbalances  the  effect  which 
tlie  large  area  of  the  contiguous  surfaces  of  the  vertebral  bodies 
would  have  in  restricting  the  range  of  movement  of  the  bones 
upon  one  another. 

In  the  loins  the  central  succulent  or  semifluid  portions  are 
especially  well  developed,  and  form  a  series  of  fluid  balls  round 
which  the  respective  vertebrse  revolve  in  their  movements  upon  one 
another.  They  are  placed  nearer  to  the  hinder  than  to  the  anterior 
surfaces  of  the  bodies,  so  as  to  be  almost  in  the  line  of  gravity  of 
the  column.  It  would  be  difficult  to  conceive  anything  better 
adapted  for  transmitting  weight  from  one  bone  to  another,  for  pre- 
venting jars,  and  permitting  some  slight  movement,  than  this  ball 
of  fluid  tightly  girt  by  circumferential  bands  of  fibrous  tissue. 

The  intervertebral  substances  a;ive  a  little  and  become 

Not  often  the  _  '=' 

seat  of  injuiy     flattened  out  under  the  continued  pressure  of  the  super- 

or  disease.  .  -  •    i       i       •  i  i 

mcumbent  weight  during  the  erect  posture,  so  that  a  man 
loses  one  third  or  half  an  inch  in  height  during  the  day.     They  are 


DESCRIPTION  OF  PLATE  XII. 

Fig.  I.  Kight  side  of  two  lumbar  vertebras  and  of  part  of  a  third,  showing  the 
anterior  vertebral  ligament  (A),  the  ligamentous  fibres  (B)  which  run  between  the  pro- 
jecting upper  and  lower  edges  over  the  concave  intermediate  parts  of  each  of  the  bodies 
of  the  vertebras,  and  the  oblique  outer  fibres  (0)  of  the  intervertebral  substance  crossing 
one  another.  The  foramina  (D)  on  the  sides  of  the  bodies  transmit  vessels  into  their 
interior. 

Fig.  2.  Hinder  surface  of  the  bodies  of  three  lumbar  vertebrae,  exposed  by  cutting 
away  the  arches.  A  A  the  ligamentum  posticum,  which  has  been  removed  below  to 
show  the  vascular  foramen  in  the  back  part  of  the  body  of  the  vertebra.  The  ligament 
is  thin ;  its  edges  are  ill-defined  and  prolonged  into  the  intervertebral  foramina ;  it  is 
in  close  contact  with  the  intervertebral  substances  and  the  edges  of  the  bodies  of  the 
vertebrae,  but  is  separated  from  their  middle  parts  by  fat  and  blood-vessels. 

-fig-  3-  Vertical  section  from  before  backwards  through  the  arches  of  three  dorsal 
vertebrae,  a  little  on  one  side  of  the  spines.  AAA  ligamenta  subflava.  B  the  inter- 
spinous  ligament  between  the  exti-emities  of  the  spines.  O  a  fibrous  web  connecting 
the  spinous  processes  between  the  ligamenta  subflava  and  the  interspinous  ligaments. 

Fig.  4.  Arches  of  two  dorsal  vertebrae  with  ligamenta  subflava,  viewed  from 
in  front.     A  A  cut  edges  of  pedicles  of  arches.     EBB  ligamenta  subflava. 
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not  very  often  the  seat  of  disease,  and  their  strengtli  is  such,  that 
when  the  spine  is  subjected  to  a  severe  Avrench,  they  are  less  likely 
to  be  injm-ed  than  the  bones  "which  they  unite.  In  advancing 
years,  though  they  become  drier,  denser  and  of  yellowish  coloiu',  they 
are  rarely  or  never  the  seat  of  ossification.  The  anterior  vertebral 
ligament,  and,  it  may  be  the  outermost  fibres  of  the  intervertebral 
substances,  frequently  undergo  this  change,  which,  however,  does 
not  penetrate  much  beyond  the  sm-face  of  the  latter.  This  is  the 
more  remarkable  because  we  know  that  in  the  sacrum,  and  in 
the  space  between  the  body  and  odontoid  process  of  the  axis,  the 
intervertebral  substances  are,  in  great  part  or  entirely,  ossified  in 
early  life. 

Ligamenta  The  Ugcimenta  suhjiava,  which  consist  of  the  fibres 

subflava-  recoguiscd  by  microscopists  as  elastic  tissue  in  a  very 

j)m-e  form,  are  exceedingly  strong;  they  extend  between  the  arches 
of  the  vertebrae,  and  a  short  distance  between  the  spines;  and  are 
particidarly  thick  and  strong  in  the  latter  situation  in  the  lumbar 
portion  of  the  column.  They  pass  generally  from  the  anterior  and 
lower  edge  of  one  vertebral  arch  to  the  posterior  and  upper  edge  of 
that  below.  They  are  thickest  in  the  loins,  thinnest  in  the  neck,  and 
do  not  exist  above  the  axis.  Besides  their  use  as  bonds  of  union 
between  the  bones,  they,  in  ^drtue  of  their  high  elasticity,  permit 
that  amount  of  separation  between  the  arches  which  is  necessary 
for  the  bending  of  the  spine  forwards,  and  also  assist  the  muscles  in 
restoring  the  spine  to  the  upright  position,  as  well  as  in  maintaining 
it  there.  Their  good  influence  in  the  latter  respect  will  be  more 
appreciated  when  we  remember  that  the  weight  of  the  viscera  and 
other  soft  parts,  which  are  disposed  in  front  of  the  column,  exerts  a 
continual  pull  tending  to  bend  the  body  forward.  The  projecting 
spinous  processes  are  for  the  purpose  of  giving  the  interposed 
yellow  ligaments  as  well  as  the  muscles  inserted  upon  them  a 
leverage  to  counteract  this  tendency;  and  great  assistance  is 
afforded,  and  considerable  expenditure  of  muscular  force  is  saved, 
by  the  presence  of  these  elastic  ligaments,  which  combine  to  support 
the  trunk  in  the  same  manner  that  the  ligamentum  nuchce,  of  gi-ami- 
nivorous  animals  assists  the  cervical  muscles  to  support  the  heavy 
dependent  head. 

11—2 
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interspinous  ^^  addition  to  tlie  elastic  yellow  ligaments  are  strong 

hgameuts.  inclastic  ligaments  passing  between  the  extremities  of 
tlie  spinous  processes,  whose  office  it  is  to  limit  the  bending 
forwards  of  the  column.  In  this  they  assist  the  muscles  and 
fascias  which  extend  from  the  pelvis  along  the  back  to  the 
head.  They  are  thickest  between  the  dorsal  spines,  where 
they  greatly  strengthen  the  column  and  prevent  much  increase 
of  the  dorsal  cmwe  when  weight  is  placed  upon  the  head  or 
shoulders. 

In  the   sacrum  the  intervertebral   substances  com- 

Spaces  between 

several  bodies  mouly  cxist  more  Or  less  between  the  several  com- 
archesofsa-  poucnt  bodics,  but  they  are  encased  in  bone  and 
"™^'  encroached  upon  by  ossification,  so  as  to  be  seen  only 

when  a  section  is  made;  and  the  interspaces  between  the  arches  of 
this  bone,  which  correspond  to  the  parts  occupied  by  the  ligamenta 
subflava  in   other  parts   of  the   column,   are   also,  in  great  part, 
occupied  by  bone. 
The  direction  of        We  liavc  fouud  that  the  intervertebral  substances 

the  movements  ,  ,     ^  ,  • ,  ^•    i   ,         it 

of  the  spine  not  ^^'^  ^^  coustructcd  as  to  permit  a  slight  rolling  move- 
reguiated  by  the  j^gj-^^  between  the  bodies  of  the  several  vertebr£e:  the 

intervertebral 

substances,  fluid  nuclcus  of  cach  being  the  centre  of  that  move- 
ment— the  ball  upon  which  the  socket,  formed  by  the  contiguous 
surfaces  of  the  vertebrse,  revolves;  but  it  is  evident  that  they 
have  little  or  nothing  to  do  with  the  direction  in  which  the 
movement  takes  place;  and  that  so  far  as  they  alone  are  concerned 
that  revolving  motion  may  take  place  in  any  direction.  The 
amount  of  it,  it  is  true,  is  limited  by  the  intervertebral  substances, 
and  by  the  contiguity  and  width  of  the  vertebral  bodies,  that  is, 
the  movement  is  most  free  where  the  intervertebral  substances  are 
deepest,  and  where  the  area  of  the  vertebral  bodies  is  smallest;  the 
former  advantage  being  afforded  in  the  loins,  the  latter  in  the  neck. 
It  is  also  most  free  in  the  direction  in  which  the  diameter  of  the 
vertebral  bodies  is  least,  viz.  backwards  and  forwards  in  the  neck 
and  loins.  But  within  the  range  thus  assigned  by  their  own  shape 
and  by  their  proximity  to  one  another  the  vertebral  bodies  are 
free  to  revolve  any  way  without  hindrance  from  the  intervertebral 
substances. 
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^    ,   ^,  Yet  we  find  upon  examining;  a  vertebral   column, 

but  by  the  . 

articulating       wliicli  lias  bceii  recently  removed  from  the  body,  that 

processes.  it 

the  directions  in  which  the  movements  do  actually  take 
place  are  limited,  and  that  they  are  not  the  same  in  different  parts 
ol  the  column.  This  limitation  is  eifected  by  the  shape  and  posi- 
tion of  the  articulating  processes,  whose  office  it  is,  in  this  manner, 
to  give  steadiness  to  the  column  and  direction  to  the  movements,  at 
the  same  time  that  they  do,  to  a  certain  extent,  contribute  to  bear 
the  weight  of  the  superincumbent  parts. 

In  order  to  ascertain,   for  certain,   the  direction  of 

Extension 

most  free  in  the  movemcnts  of  the  different  parts  of  the  column  I 
took  out  the  entire  spine  with  the  heads  of  the  ribs  and 
the  pelvis,  the  ligaments  remaining  entire,  from  the  body  of  an 
adult,  and,  having  fixed  the  pelvis,  made  the  following  observations. 
The  forward  and  backward  movement  was  decidedly  most  free 
between  the  third  and  fom'th  and  the  fourth  and  fifth  lumbar 
vertebras;  that  is,  at  the  part  where  the  lumbar  curve  is  sharpest. 
At  this  region  the  nervous  cords  are  less  closely  connected  with  the 
fore  part  of  the  vertebral  canal  than  elsewhere  ;  the  spinous  processes 
are  large,  and  the  interspaces  between  them  are  free  and  filled  with 
stout  elastic  ligaments,  which  have  a  powerful  effect  in  bringing 
the  bones  back  with  a  spring  when  the  column  has  been  bent  forcibly 
forwards.  Moreover  the  projecting  pubes  and  sternum  in  front,  and 
the  projecting  sacrmn  and  dorsal  curve  behind,  enable  both  the  flexor 
and  extensor  muscles  to  act  with  great  power  upon  this  part  of 
the  spine.  The  antero-posterior  movement  became  suddenly  much 
less  above  the  third  lumbar  vertebra,  and  was  further  diminished 
towards  the  middle  and  upper  part  of  the  back,  where  it  was  very 
slight.  It  increased  again  in  the  neck;  the  capability  of  motion 
backwards  from  the  upright  posture  being,  in  this  region,  greater 
than  that  of  the  motion  forwards;  whereas  the  reverse  was  the  case 
in  the  loins.  There  was  not  much  movement  between  the  second 
and  third  cers-ical  vertebrse,  the  intervertebral  substance  being- 
there  very  shallow. 

Lateral  incu-  Lateral  inclination,  or  flexion  to  either  side,  was  per- 

nation  most      mittcd  at  eveiw  part  of  the  column,  but  was  most  free 

free  in  neck  ■'     ■*■ 

andioias.         in  the  ucck  and  bet^^een  those  lumbar  vertebrse  which 
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possessed  the  greatest  range   of  tlie  antero-posterior  flexion   and 
extension. 

Rotary  motion  was  slia-ht  in  the  neck ;  more  free  in 

Rotation  most 

free  in  neck       the  Upper  part  of  the  hack.     It  decreased  towards  the 
lower  part  of  the  hack,  and  quite  ceased  between  the 
10th  and  11th  dorsal  vertebrae;  no  rotation  at  all  being  practicable 
in  the  loins. 

Thus  the  neck  enjoys  each  variety  of  movement ;  flexion, 
extension,  lateral  inclination  and  rotation,  the  two  former  freely, 
the  two  latter  with  moderate  freedom.  In  the  back  there  are  also 
the  four  movements ;  but  the  three  former  are  less  free  than  in 
the  neck,  and  the  rotation  ceases  at  the  lower  part.  In  the  loins 
there  is  no  rotation ;  but  flexion,  extension  and  lateral  inclination 
are  all  very  free. 

Relation  f  Now  if  the  shapc  and  position  of  the  articulating 

the  shape  and    processcs  be  examined  in  the  several  parts  of  the  verte- 

position  of  the     -*-  _  ■*■ 

articulating       bral  column,  they  will  be  found   to   accord   with  the 

processes  to,...,.,,  ..,       __ 

the  movements  directioii  lu  which  thcsc  movemeiits  are  permitted.  The 
16  oms,  ]^gj.Q  fg^Qi  Qf  there  being  an  arthrodial  joint  on  either 
side,  with  moderate-sized,  closely  pressed  surfaces,  is  of  itself 
sufficient  to  limit  the  movements  of  the  bones  upon  one  another  in 
a  great  degree.  In  the  loins  (PI.  XI.  fig.  4)  the  inferior  articulating 
surfaces,  which  are  turned  outwards  and  embraced  by  the  superior 
articulating  surfaces  on  either  side,  entirely  prevent  any  horizontal 
motion ;  and,  forasmuch  as  a  horizontal  motion  of  the  arches  and 
articulating  processes  is  essential  to  a  rotation  of  the  body  of  the 
vertebra  upon  its  vertical  axis,  it  is  clear  that  the  direction  of  the 
articulating  processes  in  the  lumbar,  and  one,  two,  or  three  lower 
dorsal  vertebrae,  is  such  as  to  render  rota.tion  of  the  column  at  this 
part  impossible^;  whereas  there  is   nothing  to  prevent  a  sliding 


^  It  is  commonly  stated  that  rotation  is  more  free  in  the  loins  than  in  any  other 
part  of  the  spine.  Hiklebrandt,  however,  perceived  that  the  manner  in  which  the 
inferior  articulating  processes  are  here  embraced  by  the  superior  processes  of  the  vertebrae 
beneath  must  prevent  rotation  of  the  bones  upon  a  vertical  axis.  Handbuch  der 
Anatomie,  II.  139.  I  think  the  mistake  has  arisen  from  anatomists  observing  that  the 
inferior  articulating  surfaces  of  the  lumbar  vertebrte  are  ovoid,  with  their  long  diameter 
from  above  downwards,  and  convex,  and  that  they  seem,  therefore,  vi^ell  adapted  for 
rotation  in  the  concave  facets  of  the  vertebrae  below  (PI.  XI.  fig.  4).    But  it  is  obvious, 
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upwards  and  doAvmvards  of  the  articulating  surfaces  upon  one  an- 
other. This  sliding  permits  the  bodies  of  the  vertebree  to  roll  for- 
wards and  backwards,  or  to  either  side,  upon  their  intervertebral 
substances,  and  is  the  movement  attendant  upon  the  antero- 
posterior flexion  and  extension,  or  upon  the  lateral  inclination,  of 
this  part  of  the  spine. 

In  the  back,  where  the  column  is  already  concave  in 

in  the  back ;  , 

front,  any  fm-ther  flexion  would  necessitate,  not  merely 
a  sliding  of  the  inferior  articulating  surfaces  of  each  vertebra  up- 
wards upon  the  superior  ones  of  the  vertebra  beneath,  but  a  curvi- 
linear movement  of  them  round  the  upper  edges  of  the  latter,  which 
would  require,  at  the  least,  some  romiding  of  those  edges.  They 
are,  however,  particularly  sharp ;  and  the  whole  surface  of  each 
is  quite  flat  from  above  downwards,  and  is  closely  applied  against 
the  coiTesponding  flat  sm'face  of  the  vertebra  below.  It  is  clear, 
therefore,  that  such  movement,  being  almost  incompatible  with  the 
shape  of  the  articulating  surfaces,  can  take  place  only  in  a  very 
limited  manner  in  the  dorsal  part  of  the  spine.  The  rotation, 
which  occm's  here,  is  provided  for  in  the  following  way.  If  any  of 
the  upper  dorsal  vertebra  be  carefully  examined,  it  will  be  found 
that  its  articulating  sm-faces  are  not  in  the  same  plane.  The  two 
upper  are  slanted  so  as  to  look,  not  directly  backwards  and  upwards, 
but  backwards,  upwards  and  outwards.  They  may  be  regarded  as 
forming  two  portions  of  one  circle,  the  centre  of  which  is  about  the 
middle  of  the  body  of  the  vertebra,  or  an  approximation  to  this 
(PI.  XL  fig.  3).  The  inferior  articulating  surfaces  of  the  vertebra 
above  are  slanted  in  a  corresponding  manner — forwards,  downwards 
and  inwards — so  as  to  be  able  to  revolve  a  little  upon  the  superior ; 
and  this  revolving  of  the  inferior  articulating  surfaces  of  the  several 
vertebrae  upon  the  superior  articulating  sm-faces  of  those  beneath, 
permits  a  rotation  of  the  bodies  of  the  vertebrse  upon  their  vertical 


first,  that  the  centre  of  any  such  rotary  motion  must  be  somewhere  in  the  median  line 
behind  the  vertebral  canal,  which  would  involve  a  shifting  of  the  vertebral  bodies  upon 
one  another  in  a  horizontal  plane  quite  incompatible  with  the  structure  of  the  inter- 
vertebral substances  ;  secondly,  that  this  disposition  of  the  articulating  facets  will  pre- 
vent hoiTzontal  rotation  of  one  vertebra  upon  the  other  around  any  other  axis  than 
the  one  just  indicated,  and,  therefore,  that  it  is  incompatible  with  the  only  horizontal 
rotation  which  the  intervertebral  substances  permit,  that,  namely,  upon  an  axis  drawn 
through  their  own  central  fluid  nuclei. 
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axes,  and  gives  to  the  dorsal  part  of  the  column  that  rotary  motion 
which  I  have  described  to  belong  to  it. 

In  the  neck  the  greater  obliquity  of  the  articulating 
surfaces,  together  with  a  lateral  slant  which  they  ex- 
hibit, similar  though  in  an  opposite  direction  to  that  in  the  back, 
and  the  rounding  off  of  the  .upper  edges  of  the  sujjerior  ones,  per- 
mits the  movements  requisite  for  flexion  and  extension,  as  well  as 
those  for  slight  rotation  of  the  bodies. 

In  the  whole  length  of  the  vertebral  column  the  articulating 
sm'faces  are  so  arranged  as  to  permit  slight  lateral  inclination ; 
though  the  presence  of  the  ribs  renders  it  more  limited  in  the  back 
than  in  the  neck  and  loins. 

In  addition  to  their  synovial  capsules,  these  joints  are  provided 
with  strong  fibrous  ligaments  binding  the  margins  of  the  opposed 
articulating  surfaces  together.  In  the  back  the  direction  of  these 
ligamentous  fibres  is,  for  the  most  part,  vertical;  in  the  loins  it 
is  transverse;  in  the  neck  it  is  oblique. 

Fractm-es  and  So   powcrful   are   the    ligamentous    bands   uniting 

Dislocations.  ^YiQ  several  parts  of  the  vertebrse  together,  and  such  is 
the  disposition  of  the  articulating  processes,  that  dislocation  of  the 
bones  is  a  comparatively  rare  occurrence;  surprisingly  rare,  when 
we  consider  the  weights  which  the  spine  is  made  to  carry,  the 
blows,  wrenches  and  shocks  to  which  it  is  subjected,  and,  more 
particularly,  when  we  remember  the  length  of  the  column.  It  is, 
in  great  measm-e,  indebted  for  this  immunity,  as  already  stated,  to 
the  number  of  pieces  of  which  it  is  composed,  to  the  powerful  and 
yet  elastic  bands  which  unite  those  pieces  together,  as  well  as  to  the 
wavy  line  in  which  they  are  arranged  upon  one  another. 

When  dislocation,  or  disjunction,  of  the  vertebree  does  take 
place,  it  is  almost  invariably  attended  with  fractm-e,  either  of  the 
bodies,  the  arches,  or  the  articulating  processes  of  the  vertebrae,  not 
unfrequently  of  all  three.  A  few  exceptional  instances  have  been 
recorded  in  which  dislocation  of  the  bones  of  the  neck  was  unat- 
tended with  fractured     But  even  in  this  region,  where  the  direction 


^  Mr  Williams  has  collected  some  cases  of  dislocation  of  the  cervical  vertebrae 
without  fracture:  Medical  Times  and  Gazette,  August  15th,  1857.  The  most  frequent 
seat  of  the  accident  is  between  the  fifth  and  sixth  vertebne. 
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of  tlie  articulating  processes  is  siicli  as  to  permit  dislocation  more 
easilj  than  in  any  other  part  of  the  column,  the  displacement  is 
attended  with  fracture  in  by  far  the  greater  number  of  cases. 
Hence  we  are  in  the  habit  of  using  the  terms  "  dislocation  of  the 
vertebrce"  and  "fracture  of  the  spine"  as  almost  sjaionymous. 

It    is    worthy    of  remark    that    the    direction    in 

Dii-ectiou  in  ''       ^ 

■nhich  lUspiace-  whicli  the    spiuc   givcs   Way  is  almost  invariably  the 

meut  occurs.  ,  .  .       ,    .  ^  ,  , 

same ;  the  upper  portion  is  driven  lorwards  upon  the 
loAver,  so  that  the  cord  is  jammed  between  the  upper  edge  of  the 
body  of  the  vertebra  below  and  the  lower  edge  of  the  arch  of  the 
vertebra  next  above  the  fracture^.  It  is  possible  that,  where  the 
displacement  is  slight,  the  cord  may  escape  injury;  but  that  must 
be  a  very  rare  occurrence  ^. 

Weakest  part  of  -"^  cm'soiy  glauce  at  the  skeleton  is  sufficient  to 
the  column.  revcal  that  the  j  miction  of  the  dorsal  with  the  lumbar 
portion  of  the  colmnn,  including  the  lower  two  dorsal  and  the 
upper  one  or  two  lumbar  vertebras,  is  the  weakest  part  of  the  spine. 
It  is  so,  fy-sf,  because,  although  it  has  to  bear  nearly  as  great 
weight  as  the  part  of  the  column  below  it,  its  vertebrge  are 
disproportionately  small.  Secondly,  because  the  transverse  pro- 
cesses   are  here  very   short,   while   the  long   transverse  processes 


1  The  only  exception  to  this  that  I  have  read  of  is  "a  case  of  perfect  ankylosis  of 
the  five  superior  cervical  vertebrse  to  each  other,  with  dislocation  backwards  of  the  fifth 
from  the  sixth,  without  fracture,"  related  by  Mr  Stephen  S.  Stanley,  in  the  56th 
volume  of  the  EdinhurgTi  Medical  and  Surgical  Journal.  In  a  case  which  occurred  in 
my  own  practice,  where  three  ankylosed  cervical  vertebrse  were  dislocated  from  the 
one  beneath,  the  displacement  took  place  in  the  usual  direction.  I  find  in  the  Museum 
at  Bonn  a  preparation  in  w"hich  the  fourth  lumbar  vertebra  is  driven  behind  the  fifth. 
It  is  represented  in  Alber's  Atlas  der  Path.  Anat.  Bonn,  1847. 

^  I  am  not  aware  that  the  spine  has  ever  been  broken  by  the  direct  contractile 
force  of  the  muscles.  The  nearest  approach  to  such  an  accident  that  I  have  seen 
recorded  is  a  case  related  by  M.  Lasalle,  quoted  from  the  Gazette  Medicate  in  the  13th 
volume  of  the  British  and  Foreign  Medical  Review.  A  man,  a^t.  36,  in  a  furious  state 
of  mania,  was  confined  in  a  chair  by  means  of  straps.  After  making  various  eff'orts  to 
break  from  his  confinement,  he  threw  his  head  forcibly  backwards,  and  then  flung  it 
with  great  violence  forwards.  After  this  last  movement  the  head  remained  bent  on  the 
neck,  and  his  limbs  were  completely  paralysed.  On  examination  after  death,  which 
occurred  thirty-six  hours  after  these  events,  a  solution  of  continuity  was  found  between 
the  fifth  and  sixth  cervical  vertebrse.  The  ligaments  and  intervertebral  substance  were 
torn,  and  the  left  transverse  process  of  the  sixth  vertebra  was  broken. 
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in  the  lower  part  of  tlie  loins,  added  to  the  projecting  crest  of 
the  ilium  below,  and  the  false  and  true  ribs  above,  afford  to  the 
several  muscles  a  powerful  leverage,  on  either  side  and  in  front, 
against  this  region.  Thirdly,  the  spinous  processes  are  also  short, 
though  they  have  often  a  bifid  tendency  at  their  extremities;  so 
that  an  examination  of  the  line  formed  by  the  spinous  processes 
shows  this  to  be  the  most  concave  part  of  the  dorso-lumbar  curve. 
It  is  seen  to  be  so  in  the  living  body,  forming  what  is  called 
the  "hollow  of  the  back;"  and  the  circumference  of  the  trunk  at 
this  part,  "the  waist,"  is  less  than  elsewhere.  Fourthly,  it  is  near 
the  middle  of  the  column;  so  that  a  greater  length  of  leverage 
can  be  brought  to  bear  against  it  than  against  any  other  part. 
Fifthly,  the  component  segments  of  the  portion  of  the  spine  above 
it  are,  comparatively,  fixtures.  Every  now  and  then  we  are  awak- 
ened to  a  sense  of  the  weakness  of  this  portion  of  the  column  by 
the  sudden  jar  which  is  felt  here  on  making  a  false  step,  or  slipping 
off"  the  pavement.  Here  fatigue  is  felt,  and  aching  in  the  pre- 
liminary stages  of  ague  and  fever.  The  labouring  man  still  "  girds 
up  his  loins"  with  a  belt,  and  the  nurse  thinks  to  strengthen  this 
part  of  the  infant  by  enveloping  it  in  a  "swathe."  She  is  conscious 
that  it  is  a  weak  point  with  the  child ;  and  she  knows  that,  if  he  be 
nursed  improperly,  the  spine  will  be  bowed  backwards  here.  Frac- 
tm-es  are  of  more  common  occurrence  here,  than  at  any  part  of  the 
column,  probably  than  at  all  others  put  together.  A  man  was 
carrying  a  heavy  sack  of  beans  for  a  wager.  His  back  broke 
under  the  weight,  and  he  fell.  I  found  the  last  dorsal  vertebra 
driven  forwards  upon  the  first  lumbar.  It  is  the  part  most  fre- 
quently strained,  and  is,  consequently,  often  the  seat  of  disease 
leading  to  caries,  the  formation  of  psoas  and  lumbar  abscesses,  &c. 
Weak  point  Another  weak  point,  though  less  so  than  the  pre- 

inback.  ceding,  is  to  be  found  at  the  dorsal  curve,  where  frac- 

ture is  not  a  very  uncommon  occurrence,  and  where  angular  curva- 
ture is  more  frequent  than  at  any  other  part.  In  a  considerable 
Angular  majority  of  cases   of  humpback,  the  hump,  formed  by 

cm-v-ature.  ^j^g  projecting  archcs,  is  between  the  shoulders,  and  is 
caused  by  the  bodies  of  tlie  middle  dorsal  vertebrae,  or  those  a  little 
above  or  a  little  below  the  middle,  having  given  way  under  the 
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superinciTmbent  weight,  and  yielded  to  the  processes  of  ahsorption 
Lateral  ^r  ulceration.     T  think,  too,   that  in  lateral  curvature, 

cun-ature.  except  whcn  it  results  from  disease  of  the  hip-joint, 
pelvis,  or  loAver  limbs,  the  first  deviation  from  the  proper  line 
usually  takes  place  liere^  The  principal  deflection  is  at  or  near 
this  part;  and  the  curves  above  and  below,  which  appear  to  be 
compensatory,  or  secondary  to  it,  and  which  are,  consequently,  in 
an  opposite  direction,  are  much  less  sharp,  the  two  being  only  suf- 
ficient to  counterbalance  the  effect  of  that  primary  one,  and  to 
maintain  the  head  erect. 

The  spiral  ^^^  ^^^i*  deformity,  although  it  is  called  "lateral  cm'- 

twist.  vatm-e,"  the  deflection  is  not  truly  lateral.     It  is  not, 

strictly,  the  sides  of  the  bodies  that  yield  and  become  compressed, 
but  the  hinder  parts  of  the  sides,  or  the  points  of  confluence  of  the 
arches  and  bodies,  where  the  vertebrae  remain  cartilaginous  and  soft 
after  the  rest  of  the  bodies  and  arches  have  become  ossified.  In 
consequence  of  these  parts  yielding,  the  bodies  become  twisted  or 
rotated  a  little  to  the  opposite  side.  In  this  twist  of  the  vertebree, 
which  is  an  almost  constant  accompaniment  of  lateral  curvature, 
the  bodies  are  tm-ned  away  from  the  concavity  of  the  curve,  both  in 
the  primary  and  in  the  two  secondary  deflexions,  so  as  to  give  an 
appearance  of  spiral  twist  to  the  whole  2. 

On  the  concave  side  of  the  cm-ve,  the  intervertebral 

Compression 

ofTertebneon    spaccs,  as  wcU  as  the  bodics  of  the  vertebrge,  are  ren- 
dered  more   or  less  shallow   by  compression,   and  the 


■^  T  do  not  mean  that  there  is  actually  much  difference^  in  point  of  time,  between 
the  formation  of  the  three  curves  which  are  commonly  found  in  these  cases.  They  must 
all  begin  at  about  the  same  time  and  proceed  pan  passu,  otherwise  an  inchnation  of  the 
head  to  one  side  would  be  an  early  symptom  of  the  disease,  which  we  know  it  is  not. 
The  elevation  of  one  shoulder  and  the  projection  of  the  inferior  angle  of  one  scapula 
are  the  points  which  in  most  cases  first  attract  attention.  I  mean  that  the  yielding  of 
the  dorsal  vertebrae  is  the  cause  of  the  yielding  and  accompanying  curvature  in  the 
neck  and  loins ;  the  fact  of  the  primary  dorsal  curvature  being  so  generally  to  the 
right  side  is  owing  to  there  being  naturally  a  slight  bend  in  this  direction  (page  155). 

^  See  my  Lectures  on  Surgery  in  Prov.  Med.  and  Surg.  Journal,  1850,  p.  145. 
This  twist  in  the  column  attendant  on  lateral  curvature  presents  some  similarity  to  the 
"revolving  spine,"  rotatio  spince,  which  occurs  as  a  congenital  disposition  in  some 
animals,  more  particularly  in  calves ;  such  deformity  is,  however,  very  rarely  congenital 
in  man. 
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edges  of  the  latter  are  protruded,  squeezed  out  as  it  were,  so 
as  to  project  beyond  the  intervertebral  substances.  In  some 
bad  cases  these  protruded  edges  become  united  to  one  another 
by  bridges  of  bone  thrown  over  the  intervertebral  spaces,  so  as 
to  cause  complete  ankylosis,  and  render  ineffectual  all  attempts 
to  restore  the  parts  to  a  proper  position.  The  compressed  ribs 
may  become  united  in  a  similar  manner,  forming  one  mass  of 
bone  perforated  by  the  nerves  in  their  passage  from  the  interver- 
tebral foramina.  The  deformity  takes  place  usually  about  the 
Associated  t'^^Q  of  pubcrty.  Tliougli  often  associated  with  rickets, 
with  rickets.  after  a  certain  period,  I  have  not  seen  this  "lateral 
curvature"  of  the  spine  in  any  of  the  rickety  skeletons  of  foetuses 
or  very  young  children.  The  flexure  which  occasionally  takes 
place  in  them  is  "  antero-posterior,"  the  spine  being  bowed  back- 
wards, but  this  generally  diminishes,  and  the  spine  acquires  its 
proper  form  as  the  child  grows  older  and  stronger. 
Senile  curva-  ^  liavc  Said  that  the  line  of  gTavity  of  the  head, 

*"^®-  passing  through  the  odontoid  process  and  the  points  of 

confluence  of  the  spinal  curves,  falls  a  little  in  front  of  the  promon- 
tory of  the  sacrum.  This  applies,  of  com^se,  only  to  the  upright 
posture.  In  the  stooping  postm^es  necessary  for  so  many  occupa- 
tions the  line  of  gravity  falls  in  front,  often  considerably  in  front, 
of  these  points,  and  is  maintained  so  during  great  part  of  the  day. 
Hence  the  fore  part  of  the  bodies  of  the  vertebrae  have  to  bear  a 
greater  pressm'e,  and  the  elastic  ligaments  and  the  muscles  con- 
nected with  the  arches  and  spines  are  subjected  to  a  greater  amount 
of  tension,  than  we  should  calculate  if  we  considered  the  erect 
position  as  the  common,  or  natural,  position  of  the  human  spine. 
It  is  the  usual  position  in  walking  or  carrying  weights;  but  is 
not  ordinarily  maintained  in  sitting  and  in  following  our  various 
avocations.  The  muscular  and  ligamentous  structures  running 
from  point  to  point  between  the  pelvis  and  the  occiput,  being  thus 
subject  to  fr'equent  and  long-continued  tension,  are,  especially  in 
persons  with  long  backs,  liable  to  become  strained  and  weakened. 
They  are  also  often  the  seat  of  lumbago  and  other  rheumatic  affec- 
tions, by  which  they  are  still  further  weakened  and  rendered  unable 
to  contribute  their  proper  share  of  help ;  and  they  consequently  allow 
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an  imdue  amount  of  weight  to  foil  upon  tlie  fore  parts  of  the  bodies 
of  the  vertebrfe,  which,  in  course  of  time,  yield  and  undergo  absorp- 
tion, causing  the  spine  to  be  bowed  backwards.  This  change  be- 
gins in  the  back ;  and,  accordingly,  the  bent  back  is  one  of  the  well- 
knoA^-n  featm-es  of  age  ^.  It  may  extend  beyond  the  back,  affecting 
the  neck  and  loins,  reversing  the  natural  cm-ves  in  them,  and 
causing  them  also  to  be  bent  backwards.  A  good  illustration  of 
this  condition  is  fm-nished  by  a  specimen  of  the  spine  of  an  old 
woman,  preserved  in  the  museum  of  the  College  of  Sm-geons.  It 
presents  an  miinterrupted  and  nearly  uniform  curve  from  the  sacrum 
to  the  atlas.  Another  senile  change,  shown  by  the  same  prepa- 
ration, which  may  result  from,  or  at  any  rate  is  often  associated 
with,  this  alteration  of  the  curves  and  undue  pressm'e  upon  the  fore 
parts  of  the  vertebral  bodies,  is  the  presence  of  bony  outgrowths 
springing  from  the  edges  of  the  bodies,  bridging  over  the  inter- 
vertebral substances,  ankylosing  the  vertebrse  to  one  another, 
and  affording  support  along  the  arc  of  the  curve.  The  arches  of 
the  vertebrce  are  occasionally  united  by  bone  in  cases  of  angular 
and  severe  lateral  cmwatm-e,  and  also  after  fracture;  but  not,  that 
I  am  aware,  as  a  result  of  age  2. 


^    ,.  .,.  It  may  be  well,  in  conclusion,  to  enumerate  brieflv 

Peculianties  ,1  '  i  j 

of  the  lumbar  the  peculiarities  of  the  several  vertebree,  though  most  of 
them  have  been  already  mentioned.  The  lumbar  bodies 
are  large  and  very  cancellous,  elongated  transversely,  particularly 
near  their  hinder  parts,  and  deeper  in  front  than  behind.  Their 
upper  and  lower  surfaces  are  concave,  the  cups  being  deepest  at  a 
point  nearer  to  the  hinder  than  the  anterior  edge.  Their  hinder 
aspects  are  concave;  and  in  their  whole  circumference,  especially 


^  It  sometimes  begins  in  the  neck,  the  chin  poking  forward  and  approaching  the 
sternum, 

^  An  example  of  ankylosis  of  the  arches,  as  well  as  of  the  bodies  of  all  the  cervical 
and  the  upper  two  dorsal  vertebra,  is  .given  by  Sandifort,  Mus.  Anat.  Ii.  Tab.  15. 
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at  the  sides,  they  are  more  hollowed  out  than  the  other  vertebras. 
The  arches  stand  directly  backwards  from  the  bodies  midway  be- 
tween their  upper  and  lower  surfaces,  and  enclose  a  wide  and  deep 
vertebral  canal  and  large  oval  intervertebral  foramina.  The  trans- 
verse processes  are  long  and  stand  out  nearly  horizontally,  with  a 
slight  inclination  forwards  and  upwards  which  increases  in  the  lower 
ones ;  they  are  often  developed  from  separate  nuclei ;  their  inferior 
tubercles  are  scarcely  to  be  seen ;  their  su2)erior  ones  are  appended 
to  the  upper  articulating  processes,  and  are  developed  there  from 
separate  nuclei.  This  gives  great  prominence  to  the  superior  arti- 
culating processes,  which  stand  out  boldly;  their  articulating  facets, 
which  are  a  little  concave  from  before  backwards,  look  almost 
directly  inwards,  and  severally  embrace  the  inferior  articulating 
processes  of  the  vertebrae  above,  which  are  adapted  to  them.  The 
s])inous  ])rocesses  are  large  and  squared.  There  is  much  uniformity 
between  the  several  lumbar  vertebrae.  The  5th  is,  however,  cha- 
racterized by  the  smallness  of  its  spinous  process,  by  the  shortness 
and  thickness  of  its  transverse  processes,  by  the  want  of  depth  of 
the  hinder  part  of  its  body,  and  by  the  wide  interval  between  its 
inferior  articulating  processes. 

The  dorsal  bodies  are  prolonged  forwards  so  as  to 

of  the  dorsal  \         .  ^      .     ^        ,  .  .  .. 

give  their  horizontal  section  a  conical  or  cordate  shape. 
Their  upper  and  lower  surfaces  are  nearly  parallel;  they  are  flat 
behind  and  not  much  hollowed  out  at  any  part  of  their  circum- 
ference. The  articulating  facets  for  the  heads  of  the  ribs,  which  are 
situated  upon  the  prolonged  pedicles  of  the  arches,  acquire  a  rela- 
tively higher  position  as  they  are  traced  upwards;  in  the  lower  two 
they  are  large  and  placed  upon  the  pedicles  of  their  respective  ver- 
tebrge;  higher  up  they  cover  the  intervertebral  space  and  encroach 
upon  the  vertebra  above,  doing  this  more  and  more  till  we  arrive  at 
the  first  vertebra,  to  which  the  small  head  of  the  first  rib  is  usually 
confined.  The  arches,  thick  and  closely  packed  together,  enclose  a 
small  and  nearly  circular  vertebral  canal,  and  ovoid  intervertebral 
foramina.  Their  i~>edicles,  very  thick  in  the  lower  two,  diminish  and 
acquire  a  higher  level  in  the  upper  ones,  with  an  oblique  slant  for- 
wards. The  transverse  jorocesses  are  long,  slanted  backwards,  and 
bulge  at  their  extremities  into  the  three  tubercles — the  costal,  the 
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superior  and  the  inferior, — -whicli  tliree  elements  are  very  distinct 
in  the  12th  vertebra,  where  the  neck  of  the  transverse  process  is 
deficient.  The  articnhiting  facet  for  the  rib,  wanting  on  the  lower- 
most two,  is  flat,  or  a  little  concave  transversely,  and  borne  upon  a 
j)rominence  near  the  upper  edge  of  each  of  the  next  succeeding  trans- 
verse processes,  and  is  concave  from  above  downwards  and  situated 
near  the  lower  edge  in  each  of  the  upper  dorsal  vertebra3.  The  arti- 
culating processes  are  prolonged  upwards  and  downwards  from  the 
arches  in  a  nearly  perpendicular  direction.  They  present  flat  facets 
which  look  backwards  and  forwards,  and  at  the  same  time  a  little 
outwards  or  inwards  so  as  to  permit  a  slight  rotation.  The  lower 
articulating  facets  of  the  12th  (sometimes  of  the  11th  also)  are  di- 
rected outwards  and  are  slightly  convex  like  those  of  the  lumbar 
vertebra?.  The  sjn'nous  processes  are  sloped  much  downwards,  espe- 
cially from  the  4th  to  the  8th,  so  as  to  overlap  one  another ;  they 
are  of  rather  triangular  shape,  thick  at  their  extremities,  and,  in  the 
lowermost  t^^o  are,  more  or  less,  bifid. 

The  cervical  bodies  are  small,  comparatively  dense, 

of  the  cenical ;  t    •       f  •ii- 

elongated  transversely,  and  flattened  m  front,  with  then" 
lower  and  anterior  edges  prolonged  downwards,  so  that  each  over- 
laps the  fore  part  of  the  vertebra  below.  Their  upper  and  lower 
sm'faces  (particularly  the  latter)  are  concave,  from  before  backwards, 
or  the  lower  one  is  concave  and  the  upper  one  is  flat.  Transversely 
they  are  concave  above  and  convex  below.  The  lateral  portions, 
which  are  not  on  the  same  plane  as  the  other  parts  of  the  bodies, 
are  contributed  by  the  pedicles  of  the  arches.  The  arches  take  a 
lateral  direction  on  first  leaving  the  bodies  and  then  make  a  con- 
siderable sweep,  so  as  to  enclose  a  wide  and  deep  vertebral  canal. 
The  transverse  processes  are  double;  those  in  front,  which  represent 
the  ribs  of  the  dorsal  vertebrae,  and  are  sometimes  developed  from 
separate  nuclei,  are  ossified  to  the  vertebrae  and  are  joined  to  those 
behind  by  a  lamina  of  bone  so  as  to  enclose  the  foramen  for  the 
vertebral  artery.  The  articulating  surfaces  are  disposed  somewhat 
like  those  of  the  back,  but  are  more  oblique  from  above  down- 
wards, and  the  processes  which  bear  them  are  less  prolonged.  The 
spinous  processes  are  bifid,  except  that  of  the  last,  which  is  long 
and  single. 
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In  the  atlas  the  body  is  detached  to  form  the  odontoid 

of  the  atlas ;  . 

process  of  the  axis ;  and  the  pedicles  of  the  arches,  or 
their  epiphyses,  running  in  front  of  it,  unite  to  form  the  anterior 
part  of  the  hone.  The  vertebral  canal  is  wide.  The  hinder 
laminge  of  the  arches  are  narrow,  nearly  cylindrical  and  sloped  a 
little  upwards ;  and  the  spinous  process  is  abortive.  The  upper 
articulating  surfaces  are  adapted  to  the  occipital  condyles ;  the 
lower  ones  are  plane  or  slightly  convex  to  play  upon  the  facets 
of  the  axis.  Both  are  placed  very  forward,  so  that  the  nerves  pass 
out  behind  instead  of  in  front  of  them  ;  the  latter  being  the  case  in 
all  the  other  vertebrae.  The  transverse  process  is  not  bifid  at  the 
extremity,  though  it  is  perforated  by  the  vertebral  artery. 

The  atlas  varies  a  good  deal  in  size  and  shape  in  different 
individuals,  also  in  the  size  and  shape  of  its  upper  articular  facets; 
in  some  instances  these  are  divided  more  or  less  completely  by  a 
groove  extending  across  them;  in  some  they  are  placed  far  back, 
while  in  some  they  extend  so  far  forwards  as  nearly  to  touch  the 
articular  facet  for  the  odontoid  process.  Sometimes  a  process  arches 
backwards  from  them  on  either  side  over  the  vertebral  artery,  a 
peculiarity  which  derives  interest  from  its  being  usually  present  in 
quadrumanous  and  carnivorous  animals. 

The  axis  carries  the  odontoid  process.    The  fore  part 

of  the  axis.  c   •       t      -i       • 

of  its  body  IS  much  prolonged  downwards,  and  presents 
a  deep  depression  on  either  side  of  the  middle  line.  The  anterior 
extremities  of  its  pedicles,  which  are  advanced  a  good  deal  forwards 
and  which  embrace  the  root  of  the  odontoid  process  as  well  as  its 
own  body,  are  sometimes  developed  from  separate  centres.  Its 
upper  articulating  surfaces,  large  and  slightly  convex,  are  in  a  plane 
considerably  anterior  to  its  lower  ones.  Its  arch  and  spinous  pro- 
cess are  thick  and  prominent,  and  the  vertebral  canal  has  a  great 
antero-posterior  diameter.  The  transverse  processes  are  commonly 
double  like  the  others,  though  the  hinder  parts  are  thin  and  some- 
times deficient ;  they  are  not  bifid  at  their  extremities. 
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The  mode  of  development  of  the  skull  has  been 
primordial  made  tlie  subject  of  accurate  investigation  by  several 
cerebral  cap-  observers,  morc  particularly  by  Eathke^  and  Reichert". 
It  appears  that  the  chorda  dorsalis  is  continued  forwards 
from  the  spine  under  the  base,  and  terminates  in  a  pointed  manner 
near  the  fore  part  of  the  skull.  The  cerebrum  is,  at  an  early  period, 
enclosed  in  a  membranous  capsule  which  is  connected  beneath  with 
the  termination  of  the  chorda  dorsalis.  This  membranous  capsule 
is  not  the  same  as  the  dura  mater,  but  a  coating  external  to  it  and 
in  close  contact  with  it.  It  is  moulded  upon  the  brain,  and  pre- 
sents eminences  and  interA'-ening  shallow  transverse  depressions, 
con-esponding  with  the  three  chief  primary  vesicles  of  that  organ." 
The  cerebral  portion  of  the  skull  is  thus  far  formed  before  there  is 
any  appearance  of  the  facial  part.  Soon,  however,  processes  jut 
out  from  it  on  either  side  of  the  median  line,  which  grow  down- 
wards, incline  towards  one  another,  and,  uniting  so  as  to  form  a 
series  of  inverted  arches,  constitute  the  primordial  structure  in 
which  the  face  is  developed. 

These  processes  are  four  or  five  on  either  side.     The 
the  face.  first.  Or  foiTuiost,  gTowiug  froiii  the  anterior  part  of  the 

The  frontal       cerebral  envelope— the  forehead— is  called  the  "frontal 

process.  J- 

process."  It  is  included  between  the  eyes  and  consists 
of  three  plates.  One  plate,  situated  in  the  median  line  and  named 
the  '-mid  frontal"'  or  "nasal"  process,  is  continuous  with  the  middle 
part  of  the  base  of  the  skull:  it  grows  downwards  and  forwards,  and 


^  Ueber  die  Enficickelung  des  Schcidels,  Konigsberg,  1839. 

^    Ueber  die  Visceralbogen  d,er  Wirbelthiere,  Miiller's  Archiv,  1837;   and  Verglcich- 
ende  Entu-icTceJvnrjsrfescliidde  des  Kopfes  der  nachen  Avq^hibien,  Konigsberg,  1848. 
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ibrms  the  septum  of  the  nose ;  and  in  it  are  apparently  developed 
the  nasal  bones,  the  median  plate  of  the  a^thmoid,  the  septal  car- 
tilage, the  vomer  and  the  intermaxillary  bones.  The  lateral  plates, 
separated  from  the  median  plate  on  either  side  by  a  slight  interval 
or  furrow  which  forms  the  upper  part  of  the  nasal  passage,  also 
grow  downwards  and  forwards  in  the  same  direction  with  the 
median  plate  and  parallel  with  it,  but  do  not  proceed  so  far ;  they 
form  the  inner  walls  of  the  orbits,  and  in  them  are  developed  the 
lachrymal  bones  with  the  ossa  plana  and  lateral  masses  of  the 
ffithmoid  bone. 

The  second  pair  of  processes — called  the  "  superior 

The  superior  .  .      p  t 

maxillary  maxillary  processes  because  the  upper  jaw  is  formed 
processes.  .^^  them  witli  the  palate  and  malar  bones — spring  from 
the  base  of  the  skull,  a  little  further  back,  and  grow  forward 
beneath  and  on  the  outer  side  of  the  eyes,  so  as  to  include 
the  orbits  between  themselves  and  the  frontal  process.  Having 
descended  a  certain  distance  they  incline  inwards  to  meet,  and 
unite  with  the  lateral  plates  of  the  frontal  process ;  they  thus  shut 
off  the  orbits  from  the  nasal  cavities,  and,  continuing  their  course 
forwards  and  inwards  beneath  the  lateral  plates  of  the  frontal  pro- 
cess, they  form  the  lower  part  of  the  outer  wall  of  the  nasal  cavities 
and  reach  the  mid-frontal  process.  They  soon  become  united  with 
the  fore  part  of  the  latter  through  the  medium  of  the  mass  in  which 
the  intermaxillary  bones  are  developed.  The  nasal  cavity  thus 
becomes  closed  below  at  its  fore  part,  and  the  circle  for  the 
alveolar  arch  is  completed.  Subsequently  the  palatine  laminte, 
shooting  from  the  inner  sides  of  this  arch,  approach  one  another, 
and,  uniting  with  the  vomer,  or  with  one  another  beneath  it,  form 
the  roof  of  the  mouth  and  the  septum  between  the  nasal  and  oral 
cavities. 

Tlie  third  or  "inferior  maxillary"  processes  are  at 

The  inferior  ...  . 

maxillary  their  Origin  closely  connected  with  the  preceding,  so 
closely  that  they  are  considered  by  Eeichert  to  proceed 
from  the  same  spot  with  them,  and  to  form  with  them  the  first 
visceral  arch.  At  their  origin  they  are  situated  just  beneath  the 
Gasserian  ganglion  of  the  5th  pair  of  nerves,  which  is  of  large  size 
at  this  early  period.     The  inferior  maxillary  process  of  each  side 


THE   SKULL.  179 

grows  downwards,  like  tlic  superior  maxillary  process,  and  inclines 
towards  the  median  line,  so  as  to  meet  its  fellow  of  the  opposite  side 
and  form  the  arch  of  the  lower  jaw. 

The  hyoidean  ^^  fourtli  pair  of  processcs— the  "  superior  Iiyoidean"— 

processes.  growing    from    beneath    the    auditory    vesicle,    take    a 

course  parallel  with  that  of  the  inferior  maxillary  processes.  They 
constitute  the  second  visceral  arch,  and  form  the  basis  of  the  styloid 
processes  the  stylo-hyoid  ligaments  and  the  lesser  cornua  of  the 
hyoid  hone.  The  first  and  second  visceral  arches — that  is  to  say, 
the  primordial  elements  of  the  lower  jaw  and  of  the  stylo-hyoid 
apparatus — are  separated  from  each  other  by  the  fiy^st  visceral  cleft, 
which  is  soon  closed  at  the  lower  part  by  the  union  of  the  con- 
tiguous edges  of  the  visceral  arches.  At  its  upper  part  the  cleft 
remains  open,  forming  a  channel  of  communication  between  the 
phar)T.ix  and  the  exterior  of  the  side  of  the  neck.  The  part  of 
this  channel  next  to  the  pharynx  is  subsequently  converted  into 
the  tympanic  cavity  and  the  eustachian  tube ;  the  middle  part  is 
surrounded  by  the  tympanic  portion  of  the  temporal  bone,  and  is 
internipted  by  the  tympanic  membrane  growing  across  it ;  and  the 
outer  part  becomes  the  external  auditory  passage,  and  is  expanded 
into  the  external  ear. 

Behind,  and  parallel  with  the  superior  hyoidean  processes,  near 
to  them  but  separated  from  them  at  first,  on  either  side,  by  the 
second  visceral  cleft,  are  the  "inferior  hyoidean  processes,"  which 
make  the  third,  visceral  arch.  They  are  said  to  form  the  basis  of 
the  great  cornua,  and  the  body  of  the  hyoid  bone.  They  are 
closely  connected  with  the  second  visceral  arch;  and  the  visceral 
cleft,  between  them  and  it,  is  obliterated  in  its  whole  length  at 
a  very  early  period.  They  are  separated  from  the  thoracic  visceral 
arch,  which  is  formed  immediately  behind  them,  by  the  third 
visceral  clef;  and  this  also  is  soon  filled  up. 

A  quantity  of  formative  material  is  laid  down  upon  the  conca- 
vities of  these  several  processes,  especially  upon  the  part  where  they 
meet  in  the  middle  line  to  complete  the  visceral  arches;  and  here 
are  developed  the  tongue,  the  cartilages  of  the  larynx,  and  the 
oesophagus.  Extensions  of  these  latter  structures  grow  down  in 
the  lono;  axis  of  the   embrvo   and.  reachinc:  into  the  thorax   and 

12 2 
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abdomen,  constitute  the  ruclimentaiy  material  for  the  Imigs  and 
stomach;  at  any  rate  they  become  continuous  with  them. 

This  account  of  the  mode  of  development  of  the  face 
derives  particular  interest  and  some  confirmation  from  the 
malformations  -which  we  so  often  see  in  this  part  of  the  body.  A  great 
number  of  cases  of  malformation  (as  they  are  not  quite  properly  called) 
are  the  result  simply  of  imperfection  in  the  progressive  development 
of  the  structure  concerned ;  the  formative  process,  not  having  been  suffi- 
ciently vigorous  to  carry  on  the  work  to  completion,  is  arrested  at  some 
point,  and  leaves  evidences  of  forms  which  the  part  naturally  presents 
in  its  transition  to  the  m.ature  condition, — evidences  from  which  we 
may  derive  much  information  as  to  the  series  of  changes  by  which  the 
perfect  form  is  evolved.  There  may  be  superadded  to  the  miperfection 
of  development  some  deviation  from  the  regular  plan  which  would  lead 
us  into  error  were  we  blindly  to  take  these  varieties  as  our  guides  ;  but 
the  effects  of  such  deviations  may  generally  be  distinguished  with  a 
little  care. 

Now  there  is  perhaps  no  region  of  the  body  in  which  developmental 
failures  are  of  more  common  occurrence  than  the  upper  lip  and  jaw, 
where  they  give  rise  to  "hare-lip"  and  the  different  varieties  of  "cleft- 
palate."  In  the  latter,  whatever  the  extent  of  the  fissure,  its  posi- 
tion is  invariably  the  same;  not  in  the  middle  line,  where  it  would 
traverse  the  intermaxillary  bone  and  the  middle  fx'ontal  process,  but  on 
one  side  of  the  middle  line,  between  the  maxillary  and  the  intermaxillary 
bones,  that  is  to  say,  in  the  line  of  union  of  the  median  and  lateral 
frontal  processes.  Accordingly  we  find,  if  the  proper  complement  of 
teeth  be  present  in  such  a  case,  that  the  canine  tooth  is  always  on  the 
lateral  or  maxillary,  and  the  outer  incisor  is  on  the  median  or  inter- 
maxillai'y  side  of  the  fissure.  Generally  some  of  the  incisors  are  deficient ; 
and  there  may  be  an  attempt  to  fill  up  the  gap  by  the  formation  of  one 
or  two  supernumeraiy  teeth  in  the  maxillae,  reminding  iis  of  the  develop- 
ment of  wormian  bones  in  hydrocephalic  skulls  for  a  similar  purpose.  If 
the  fissure  be  on  both  sides  the  intermaxillary  bones  are  quite  isolated 
from  the  maxillaries,  and  hang  down  in  the  middle  line  dependent  from 
the  vomer  alone.  They  commonly  extend  to  about  the  same  level  as  the 
maxillary  alveoli  and  cause  the  cleft  to  be  double  in  front;  whereas  the 
hinder  part  of  the  median  process  does  not  reach  the  level  of  the  palatine 
processes  behind,  so  that  the  cleft  is  there  single.      Both  the  frontal  and 
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the  superior  riiaxillary  processes  usually  share  in  the  imperfection,  which 
is  most  marked  in  the  latter  at  the  hinder,  that  is,  the  palatine  part 
of  the  cleft,  and  in  the  former  at  the  alveolar  part.  Thus,  though 
the  vomer  (or  hinder  part  of  the  frontal  process)  does  not  quite  reach 
its  proper  level,  which  may  he  owing  to  the  pressure  of  the  tongue,  it 
has  rather  more  than  its  usual  thickness  ;  whereas  the  palatine  plates 
(which  are  derived  fi-om  the  hinder  part  of  the  maxillary  processes)  are 
scanty  and  thin :  and  the  incisor  teeth  and  their  alveoli  (which  form  the 
fore  part  of  the  frontal  process)  ai-e  commonly  defective,  the  lateral  ones 
in  most  instances  and  the  middle  ones  in  many;  whereas  the  bicuspid 
and  canine  teeth  and  their  alveoli  (which  form  the  fore  part  of  the  maxil- 
lary processes)  are  usually  perfect.  Indeed  the  frequent  deficiency  of  the 
incisive  sockets  and  teeth  in  hare-lip,  and  the  frequent  imperfections  in 
the  size  and  shape  of  the  outer  incisive  teeth,  where  there  is  no  hare-lip, 
seem  to  indicate  the  intermaxillary  bone  to  be  the  jiart  of  the  facial 
skeleton  which  is  most  difficult  of  formation.     (See  PL  XIII.  fig.  1.) 

Instances  sometimes  occur  in  which  the  union  of  the  frontal  and 
maxillary  processes  having  failed  in  their  iipper,  or  orbito-nasal,  as  well 
as  in  their  lower  or  palatine  parts,  the  cleft  is  continued  from  the  palate 
through  the  nose,  between  the  pethmoid  and  maxillary  bones,  into  the 
orbit'.  It  may  even  happen  that  the  frontal  processes,  which  should 
descend  between  and  separate  the  orbits,  fail  altogether;  in  which  case 
the  orbits  form  one  ca\'ity  and  the  eyes  are  more  or  less  blended  in  the 
middle  line.  Such  a  monstrosity  is  called  "  Cyclopian "."  Or  lastly,  and 
this  is  remarkably  frequent  in  the  pig,  the  frontal  processes  may  be 
misdirected  and  curl  upwards  when  they  should  grow  downwards. 
Their  several  elements  and  api)endages  are  then  developed  into  a 
trum.pet-like  proboscis  on  the  forehead,  instead  of  forming  a  nose  be- 
tween the  eyes. 

I  have  thought  it  worth  while  to  direct  attention  to  these  instances 
of  malformation,  which  are  common  and  remarkably  uniform  in  their 


1  There  is  a  description  of  such  an  example  given  by  A.  Meckel  in  Meckel's 
Arckiv,  IS.  156,  in  which  the  cleft  ran  on  either  side  from  the  mouth  quite  into  the 
orbit,  separating  the  intermaxillary  bones,  vcmer,  nasal  bones  and  nasal  processes  of 
the  maxillary  bones  from  the  maxillary  and  palate -bones.  It  took,  therefore,  the 
direction  of  the  infra- orbital  canal 

-  In  cases  of  this  kind  the  optic  foramina  are  often  blended  into  one,  as  they  usually 
are  in  the  hare  and  in  birds.  ■  ■  ■  -    - 
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cliaracters,  because  they  not  only  contribute  to  throw  light  on  the  man- 
ner of  development  of  this  region,  but  more  particularly  because  they 
tend  to  confirm,  what  is  often  doubted  and  what  it  is  difficult  to  prove 
in  the  embryo,  that  the  intermaxillary  bones  are  developed  in  connec- 
tion with  the  vomer  in  the  median  frontal  process,  and  that  they  are 
originally  related  to  it  rather  than  to  the  maxillary  bones. 

To    proceed   with   the   development   of    the    skull. 

Formation  of  ^  _        ^  _        _ 

cartuage  and  Wlieii  the  brain  is  enclosed  in  its  membranous  cap- 
sule, and  the  processes  above  mentioned  have  been 
evolved  so  as  to  form  a  sort  of  ground-plan  of  the  future  fabric 
of  the  face,  certain  parts  of  the  enveloping  structure  are  soon  con- 
verted into  cartilage.  This  change  takes  place  earliest  where 
strength  is  most  needed,  viz.  along  the  base  of  the  skull. 

The  cartilage  first  apj^ears  on  either  side  of  the  base,  and 
extends  to  the  middle  line  so  as  to  enclose  the  chorda  dorsalis.  It 
also  spreads  laterallj.  But  it  does  not  spread  over  the  whole  of  the 
brain  or  far  into  the  face;  indeed,  with  the  exception  of  the  median 
plate  of  the  nose,  it  is  almost  confined  to  the  base  of  the  skull. 
The  next  thing  is  the  formation  of  bone;  and  this  takes  place  first 
at  various  detached  points  upon  the  exterior  of  the  membranous 
capsule,  where  the  cartilage  does  not  exist.  The  bone  is  here 
immediately  preceded  by  the  production  of  an  ossifying  blastema 
upon  the  surface  of  the  primitive  capsule.  This  blastema  is 
quickly  converted  into  bone,  in  the  manner  described  at  a  former 
page  (34) ;  and  the  outside  of  the  newly-formed  blastema  and  bone 
is  furnished  with  periosteum.  The  primitive  membranous  capsule 
of  the  brain  constitutes  the  internal  periosteum  of  the  bones,  and  is 
closely  connected  with  the  dura  mater;  so  closely,  that  the  two 
membranes  are  blended  in  an  almost  inseparable  manner,  and  pass 
under  the  one  name  of  dura  mater. 

Parts  formed  The  boucs  belonging  to  this  class,  i.  e.  formed  from 

from  bone  and  ossifyiug  blastema  without  any  preceding  cartilage,  are, 
cartilage.  according  to  Kolliker,  "the  upper  half  of  the  expanded 

portion  of  the  occipital  bone,  the  parietal  and  frontal  bones,  the 
squamous  portion  and  tympanic  ring  of  the  temporal  bone,  the 
nasal,  lachrymal,   malar,  and  palate-bones,  the  upper  and   lower 
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jaw,  the  vomer ^,  and,  apparently,  the  internal  lamella  of  the  pteiy- 
g-oid  process  of  the  sphenoid,  and  the  cornna  sphenoidalia.  The 
blastema  of  these  bones,  which  differs  from  that  of  the  primary- 
bones,  in  its  being  snccessively  developed  in  a  membranons  matrix, 
simidtaneonsly  with  the  ])rocess  of  ossification,  not  existing  pre- 
vionsly  in  any  considerable  quantity,  presents  essentially,  exactly 
the  same  conditions  as  that  of  the  periosteal  layers,  and  is  also 
ossified  in  ])recisely  the  same  way"."  From  the  incomplete  carti- 
laginous cranium  are  formed  "the  occipital  bone  (except  the  u])per 
half  of  the  expanded  portion),  the  sphenoid  (except  the  lamina 
externa  (interna?)  of  the  pterygoid  process),  the  mastoid  and  pe- 
trous portions  of  tlie  temporal  bone,  the  fcthmoid,  the  inferior 
turbinated  bones,  the  ossicula  auditus,  and  the  hyoid  bone^" 

The  ossifying  process,  as  just  stated,  does  not  begin  in  the 
cartilaginous  so  soon  as  in  the  membranons  parts  of  the  skull. 
Thus  in  a  fcetus  of  about  three  months  I  found  that  ossification 
had  made  considerable  advances  in  the  lower  jaw,  in  the  squamous 
and  zygomatic  portions  of  the  temporal  bone,  in  the  frontal  and  the 
occipital  bones.  It  had  also  begun  in  the  great  alte  of  the  sphenoid, 
in  the  lower  or  alveolar,  and  in  the  upper  or  facial,  parts  of  the 
superior  maxillary  bones,  and  in  the  malar.  There  was  a  delicate 
flake  in  the  parietal.  AVhereas  the  only  osseous  nucleus  in  the 
cartilage  at  the  base  was  one  for  the  basilar  portion  of  the  occipital 
bone.  I  should  observe  that  there  was  also  an  osseous  nucleus 
for  each  of  the  condyles,  with  one  behind  them  forming  the  back 
part  of  the  ring  enclosing  the  foramen  magnum,  and  one  for  each 
of  the  cerebellar  as  well  as  the  one  for  the  cerebral  portion  of  the 
bone. 

The  sutures.  "In  the  vault  of  the  cranium,  as  the  primary  ossific 

points  first  appear  in  the  situation  of  the  tuberosities  of  the  parietal 
and  fi-ontal  bones,  the  bones  are  at  first  placed  widely  asunder, 
and  are  connected  merely  by  a  fibrous  membrane,  the  continuation 


^  The  vomer  appears   to  be  formed  from  the  cartilage  of  the  septum  naei,  which 
is  continued  forwards  from  the  base  of  the  skuU.     PL  IV.  fig.  i,  H. 
^  KoULker's  Manual  of  Human  Histology,  I.  369. 
^  Ibid.  p.  339. 
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of  the  periosteal  lamella  of  each,  and  which  is  united  on  the 
internal  aspect  with  the  remains  of  the  membranous  cranium  of 
the  embryo,  and  Avith  the  dura  mater.  The  bones  then  continue 
to  grow  towards  each  other,  and  at  last,  constantly  advancing  in 
the  above-described  continuation  of  the  ^Jer^osfe^(m,  come  very 
nearly  into  contact  at  the  frontal  and  sagittal  sutures;  there  remains, 
however,  for  a  long  time,  one  large  vacuity,  in  particular,  between 
them — the  anterior  fontanelle— but  which  closes  in  the  second 
year  after  birth;  whilst,  at  the  same  time,  the  bones,  which  up  to 
this  period  adjoined  each  other  with  a  straight  line  of  juncture, 
send  out  interdigitating  tooth-like  processes,  till  ultimately,  when 
their  blastema  is  wholly  consumed,  they  continue  united  only  by 
the  remains  of  the  jjen'osteum  (the  sutural  cartilage,  as  it  is  termed, 
or  better,  the  sutural  ligament),  but  which  also  is  capable  of  becoming 
ossified  sooner  or  later,  and,  indeed,  invariably  first  on  the  inner 
aspect  of  the  suture,  where  the  tooth-like  processes  are  very  little 
developed*."  The  indigitations  of  the  bones  at  the  sutures  are 
less  complicated  in  the  lower  animals  than  in  man. 
Succession  '^^^®  Order  of  events  is,  therefore,  as  follows.     The 

of  events.  ^y^^  rudiment  of  the  skull  is  a  mere  membranous  cap- 

sule thrown  around  the  brain,  adapted  to  it,  and  capable  of  enlarg- 
ing quickly  so  as  to  keep  pace  with  the  rapidly  increasing  cerebral 
mass.  Next,  cartilage  is  formed  at  the  base  for  the  purpose  of 
giving  some  strength  and  consistence  to  this  part.  Thirdly,  an 
ossifying  blastema  is  produced  at  several  points  upon  the  prim- 
ordial membranous  capsule,  which  soon  becomes  converted  into 
detached  flakes  of  bone.  These,  growing  quickly,  provide  protec- 
tion for  the  brain ;  while  the  intervening,  still  membranous,  ^^ortions 
permit  the  expansion  of  the  skull  to  take  place  in  accommodation 
to  its  contents.  Soon  after  the  formation  of  the  osseous  flakes 
upon  the  vault  of  the  cranium,  bony  nuclei  appear  in  the  cartilage 
at  the  base^.     Fourthly,  the  various  bones,  some  originating  in 


^  Kolliker's  Manual  of  Histology,  p.  373. 

^  These  nuclei  of  the  bodies  of  the  occipital  and  the  two  sphenoid  bones  are  repre- 
sented in  the  cartilage  of  the  base  of  the  skull  in  PI.  IV.  fig.  i  (p.  118),  and  the  manner 
in  which  they  form  a  continuation  of  the  vertebral  chain  is  there  well  shown. 
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blastema  and  some  in  cartilage,  approach  one  another,  and,  be- 
coming united  at  their  edges  in  ditierent  ways,  form  a  continuous 
unyielding  bony  case,  which  is  admirably  adapted  for  the  defence 
of  the  brain,  for  the  accommodation  of  the  organs  of  special  sense, 
and  for  the  attachment  of  the  ligaments  and  muscles  by  which 
the  skull  is  supported  and  moved  upon  the  spine. 

At  birth,  and  for  some  time  before,  the  calvarial  bones  have 
acquired  considerable  breadth  and  hardness,  as  those  well  know 
who  have  been  called  upon  to  perform  craniotomy.  They  lie 
imbedded  betf\'een  their  periosteum  and  the  external  lamina  of  the 
dura  mater,  Avhich  constituted  the  primitive  membranous  capsule ; 
and  they  may  be  separated  without  much  difficulty  from  both. 
Their  bevelled  and  serrated  edges  run  into  and  are  lost  in  the 
blastema  which  forms   a  continuation    of  them. 

Cougemtai  The  calvarial  bones  are  often  traversed,  more  or  less  exten- 

isbures,  sively,  hj  Jissures  extending  from  the  margins  towards  the 

middle.  These,  which  are  the  result  of  incomplete  ossification,  might  be 
mistaken  for  fractures,  and,  therefore,  possess  interest  in  a  medico-legal 
point  of  view.  I  have  fovnid  them  very  marked  in  the  parietal  and  frontal 
bones  of  young  monkeys,  and,  less  decided,  in  the  human  foetus.  They 
become  filled  wp  as  ossification  proceeds  \  In  consequence  of  a  deficiency 
and  inequality  of  the  ossifying  processes  we  sometimes  find 

and  Gaps.  .  ,  i         ,     ,  i  i  i  •         i 

larger  gajys  or  vacancies,  not  only  at  the  edges  but  m  the 
middle  of  the  calvarial  bones.  These  may  be  occupied  only  by  membrane, 
or  in  course  of  time  they  may  be  closed  by  a  thin  lamina  of  bone.  Such 
gaps  most  often  occur  when  the  ossification  throughout  the  skull  is 
rather  imperfect,  and  ai-e  generally  situated  in  or  near  the  natural  fora- 
mina for  vessels.  Thus  in  a  thin  calvarium  in  our  Museum  there  is,  on 
either  side  of  the  sagittal  suture,  in  the  place  of  the  parietal  foramen, 
a  hole  large  enough  to  admit  the  end  of  one's  finger,  and  in  the  Sicilian 


^  Lohstein  gives  the  representation  of  a  congenital  fissure  extending  nearly  through 
the  squamous  part  of  the  temporal  bone,  Traite  cVAnatomie  path.  PL  V.  fig.  2. 

Dr  West,  Medico-CMrurgical  Transactiovs,  xxviii.  states  that  fissures  of  the  skull 
have  been  kno"mi  to  take  place  during  labour,  even  in  easy  labours.  He  relates  a  case 
of  fissure  in  the  fore  part  of  the  parietal  bone,  which  he  supposes  to  have  occurred  in 
this  way.  It  was  attended  with  effusion  of  blood  on  both  surfaces  of  the  hone.  He 
says,  moreover,  "the  annals  of  legal  medicine  contain  many  instances  of  injury  of  the 
child  before  birth,  and  of  fracture  of  its  skull  by  a  blow,  or  some  otiier  violence, 
inflicted  on  the  mother,"  and  gives  references  in  proof  of  the  statement. 
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dwarf,  in  the  College  of  Surgeons,  in  wlncli  ossiHcation  is  very  backward, 
there  is  an  irregularly  shaped  gap  in  the  situation  of  the  mastoid  foramen 
of  the  temporal  bone  and  another  near  the  upper  and  hinder  angle  of 
the  parietal  bone.  Some  remai^kable  examples  of  extreme  thinness  of 
a  considerable  part  of  one  or  both  parietal  bones,  which  are  probably  of 
a  similar  natiire,  will  be  mentioned  in  the  account  of  those  bones.  Defi- 
ciencies of  this  kind  are  not  unfrequently  met  with  in  hydrocephalic 
skulls,  in  consequence  of  the  stretching  to  which  the  ossifying  membrane 
has  been  subject.  The  frontal  bone  from  a  hydrocephalic  skull  in  Guy's 
Musexim  shews  several  such  vacancies  in  its  wall;  and  in  Sandifort's 
Museicm  Anatomicum  is  the  representation  of  a  frontal  bone,  also  from 
a  hydrocephalic  skiill,  in  which  there  are  two  foramina  in  the  cranial 
part,  and  the  orbital  portion  is  very  deficient  \ 

Bones  at  first  Befove   the   calvarial   bones  have  united  with   one 

thickest  at  the    another,  they  are  of  nearly  uniform  thickness.     There 

middle,  sub-         .  . 

sequentiyat  ig^  howcver,  a  slight  preponderance  in  favour  of  the 
middle  parts  where  ossification  commenced;  and  the 
edges  where  the  bones  are  still  growing  are  rather  thinner.  Sub- 
sequently, after  peripheral  growth  has  been  stopped  hj  their  con- 
fluence at  the  sutures,  the  bones  become  thickened  at  their  edges. 
It  is  as  though  a  reflux  of  the  ossifying  processes  took  place  and 
spent  itself  in  causing  broad,  ridge-like,  more  or  less  uneven  pro- 
minences in  the  immediate  neighbourhood  of  the  sutures,  both  on 
the  outside  and  on  the  interior  of  the  cranium.  Thus  it  often 
happens  that  the  circumferential,  most  recently  formed,  parts  of  the 
calvarial  bones — of  the  parietals  more  particularly — attain  to  greater 
thickness  than  the  central  parts  where  ossification  began.  While 
these  changes  are  going  on  in  the  relative  degree  of  thickness  of 
the  central  and  circumferential  portions  of  the  calvarial  bones,  the 


1  I  have  found  similar  holes  in  all  parts  of  hydrocephalic  calvaria.  They  are, 
however,  most  frequent  in  the  frontal  bones  and  in  the  parietals  on  either  side  of  the 
sagittal  suture. 

It  is  no  uncommon  thing  to  find,  when  the  normal  growth  of  one  of  the  calvarial 
bones  has  been  an-ested,  in  rickets,  hydrocephalus,  or  other  morbid  condition,  that 
the  space  which  should  have  been  occupied  by  the  bone  is  covered  by  numerous  sepa- 
rate nuclei.  The  irregular  and  incomplete  coalescence  of  these  independent  ossicles  with 
one  another  and  with  the  central  nucleus  is  probably  one  cause  of  the  vacancies  just 
mentioned. 
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former  gradually  become  less  prominent \  and  the  various  ridges 
and  inequalities  on  the  surface  of  the  skull  become  more  apparent. 
After  the  sutures  have  been  formed  and  the  skull  has 

The  diploe. 

acquired  a  certain  thickness,  the  process  of  resorption 
goes  on  in  the  interior  of  the  several  bones — that  is,  between  their 
outer  and  inner  surfaces,  just  as  it  does  in  the  interior  of  the  cylin- 
drical bones,  and  reduces  the  structure  to  a  more  or  less  cancellated 
condition.  The  part  so  altered  is  called  the  dijjVoe;  and  the  change 
serves  the  pm-pose  of  diminishing  the  weight  of  the  skull  without 
proportionately  reducing  its  strength.  The  cancelli  of  the  diploe  are 
occupied  by  a  kind  of  marrow,  which  resembles  that  of  the  vertebra 
in  containing  but  little  oil,  and  they  are  traversed  by  canals  for 
vessels,  which  are  elaborately  represented  in  Breschet's  work,  Sur  le 
Systems  Veineux.  As  a  general  rule,  the  diploe  begins  to  be  evident 
about  the  tenth  year,  and  becomes  most  developed  in  those  skulls 
and  in  those  parts  of  each  skull  which  are  the  thickest;  consequently 
it  varies  a  good  deal  in  different  persons.  In  some  cases  of  rickets  it 
becomes  enormously  increased  by  deposit  of  bone  upon  the  exterior 
of  the  skull  Avhich  is  attended  with  an  imperfect  ossification  of  the 
outer  table,  or  which  is  soon  followed  by  the  reduction  of  that  table 
to  a  cancellated  state;  and  in  some  cases  of  wasting  of  the  brain, 
from  illness  or  old  age,  the  diploe  is  increased  in  thickness  by 
deposit  upon  the  interior  of  the  skull  and  by  corresponding  changes 
in  the  inner  table.  I  have  often  observed  it  to  be  thick  in  the 
skulls  of  idiots^,  and  find  that,  as  a  general  rule,  the  diploe  is 
thickest  and  the  several  bones  of  the  head  are  also  thickest  where 
the  skull  is  small;  in  other  words,  where  the  brain  is  small. 
Hence  the  propriety  of  the  term  "  thick-headed,"  as  a  synonym  for 
"stupid,"  derives  some  confirmation  from  anatomy. 


^  In  the  rickety  skull,  and  in  some  other  instances  where  the  brain  is  of  dispropor- 
tionately large  size,  the  change  of  currature  which  renders  the  central  portions  of 
the  several  calvarial  bones  less  prominent  does  not  take  place  as  it  ought  to  do ;  and 
this  gives  a  peculiar  square  contour  to  the  head.  Dr  Merei,  in  his  work  above 
quoted  (p.  156)  observes,  (and  the  same  thing  has  been  remarked  by  others,)  that  in  the 
great  majority  of  rachitic  children  the  brain  is  actually  larger  than  in  other  children ; 
its  consistence  and  appearance  being  normal. 

^  In  the  skull  of  an  idiot,  represented  by  Lobstein,  Traite  d'Anat. path.  PI.  Ill, 
fig.  3,  the  diploe  is  very  thick. 
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A  further  extension  of  the  process  which  causes  the  diploe 
gives  rise  to  the  formation  of  the  frontal,  sphenoid,  and  other 
sinuses. 

The  tables  of  1^^^®  formation  of  the  diploe  divides  the  wall  of  the 

the  skull.  skull  iiito  three  strata,  viz.  an  outer  and  inner  table  with 

the  intervening  cancellous  part.  Of  these  tables  the  inner  is  rather 
more  dense  and  brittle  than  the  outer,  which  enables  it  to  propa- 
gate in  its  own  substance  and  carry  off  in  a  lateral  direction  some 
of  the  jarring  vibrations  that  come  from  the  exterior,  instead  of 
transmitting  them  onwards  to  the  brain.  This  structure  renders 
it  rather  more  fragile  than  the  outer  layers  of  the  skull ;  hence  it 
is  apt  to  be  fissured  to  a  greater  extent  than  they  in  fracture  of 
the  skull :  and  it  has  occasionally  been  broken  by  a  direct  blow, 
although  the  outer  table  remained  entire ^  Nevertheless,  it  may 
escape  splintering  when  a  portion  of  the  outer  table  is  sliced  off  by 
a  sabre  or  other  sharp  instrument. 

The  cranial  bones  grow  into  contact  with  one  ano- 

The  foiitaiielles.  ■       i     i  r  i  •      ^ 

ther  and  become  united  by  sutures  soon  after  birth; 
those  of  the  face  before  those  of  the  calvarium.  They  touch 
first,  and  the  sutures  are  first  formed  at  the  parts  nearest  to  their 
centres  of  ossification.  Thus  the  four  sides  of  each  parietal  bone, 
Avhich  are  nearer  to  the  middle  part,  become  joined  to  the  four  sur- 
rounding bones  at  an  earlier  period  than  the  four  angles  which  are 
further  removed  from  the  centre.  In  the  situation  of  the  four 
angles  there  remain,  accordingly,  spaces  in  which  the  osseous  enve- 
lope of  the  brain  is  defective  after  its  other  parts  have  been  formed. 


1  Guthrie,  On  Injuries  of  the  Head,  p.  73,  British  and  Foreign  Medical  Review,  xv. 
401.  "  A  well-marked  instance  of  very  extensive  splintering  and  depression  of  the 
inner  table,  -without  any  injuiy  of  a  corresponding  nature  on  the  outer  part,"  is  men- 
tioned by  Hewett,  Medical  Times  and  Gazette,  Jan.  9,  1858,  as  belonging  to  the 
Museum  of  St  George's  Hospital.  Mr  Hewett  remarks  that  the  greater  splintering  of 
the  inner  table,  as  compared  with  the  outer,  in  so  many  cases,  is  partly  due  to  the 
direction  in  which  the  force  acts ;  "let  the  force  act  in  the  opposite  direction,  and  then 
the  common  order  of  appearances  becomes  reversed."  An  instance  is  quoted  of  a 
pistol-ball  passing  through  the  skull  so-  as  to  strike  the  inner  plate  of  the  opposite  side 
and  then  the  outer  one ;  the  latter  was  much  more  extensively  splintered  than  the 
former.  According  to  the  same  writer,  comminuted  and  compound  fractures  generally 
sprea,d  to  a  less  distance  than  simple  fissures. 
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These  spaces  arc  called  fontaneUes^.  The  two  at  the  inferior 
angles  of  the  parietal  bones  are  closed  at  birth  or  soon  after.  The 
two  at  the  superior  angles  are  larger  and  are  closed  later.  .The 
hinder  of  these  two  is  tlie  smaller,  and  is  closed  a  few  months  after 
birtli.  The  anterior,  which  is  mnch  the  larger,  is  not  closed  till 
from  one  to  tAvo  years  after  birth.  It  sometimes  remains  open  much 
longer,  and  has  even  been  found  unclosed  in  old  persons  2.  It  is 
permanent  in  some  fishes''.  Its  size  and  square  shape  are  an  assist- 
ance to  the  accoucheur  in  determining  the  position  of  the  child. 
Use  of  the  ^his  deficiency  in  the  brain-case  at  the  point  of  con- 

fontaneues.  flnencc  of  the  angles  of  the  frontal  and  parietal  bones  is 
to  some  extent  a  safety-valve  during  the  first  months  of  infantile 
life,  at  which  time  the  brain  bears  a  large  proportion  to  the  rest 
of  the  body,  and  is  liable  to  sudden  and  considerable  variations 
in  size  from  temporary  congestion,  wasting  of  its  substance,  and 
other  causes.  The  various  bones  of  the  skull  are  then  becom- 
ing joined  together,  and  the  skull  is  becoming  consolidated  while 
the  brain  is  increasing  in  density  (p.  95);  but  the  comparatively 
soft  consistence  of  the  brain  renders  it  still  liable  to  sudden  varia- 
tions in  size,  even  after  the  greater  number  of  the  cranial  bones 
have  coalesced;  and  these  variations  are  permitted  l;)y  a  portion  of 


^  So  called  from  the  pulsations  of  the  brain,  which  may  be  seen  resembling  the 
rising  of  water  at  a  fountain-head. 

2  Kerkringius  and  Otto,  Path.  Anat.  by  South,  p.  164. 

Dr  Merei,  Disorders  of  Infantile  Development,  has  remarked  a  relation  between  the 
cutting  of  the  teeth  and  the  progress  of  ossification  of  the  skull,  as  evidenced  by  the 
closure  of  the  fontaneUes.  He  finds  the  interval  between  the  first-cut  tooth  and  the 
closure  of  the  fontanelles  to  vary  from  4  to  7  months,  and  that  both  are  retarded  in 
sickly  rachitic  children.  "The  retarded  ossification  of  the  fontanelles,  speaking  in 
general  terms,  is  pathologically  more  significative  than  retarded  dentition ;  it  acquires 
more  importance  when  connected  with  an  abnormally  large  size  and  angular  shape  of 
skull."  "In  the  majority  of  cases,  according  to  my  experience,  I  may  say,  small 
skulls  are  sooner  completely  ossified  than  large  ones ;  but  there  are  numerous  excep- 
tions to  this  rule,"  p.  127. 

Dr  Elsaesser,  British  anrl  Foreign  Medj.  Revlev-,  XVii.  p.  372,  finds  that  the  anterior 
fontanelle  increases  progressively  in  size  during  the  first  nine  months  of  infantile  life. 

^  "  Each  frontal  sends  up  its  own  crest  in  the  Tunny,  the  interspace  leading  to  a 
foramen,  penetrating  the  cranial  cavity  in  front  of  the  single  occipital  spine ;  a  larger 
fontanelle  exists  in  the  Cobitis  and  some  Siluroids  between  the  frontal  and  parietal 
bones."     Owen's  Lertares  on  Comparatire  Anatomy,  11.  97. 
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the  skull  remaining  membranous  for  a  time.  Watch  an  infant 
suffering  mider  diarrhoea  or  other  malady  which  causes  a  sudden 
drain  upon  the  system.  In  a  very  short  time,  cotemporaneously 
with  the  shrinking  of  the  face,  the  fontanelle  is  observed  to  have 
fallen  in;  and  in  a  short  time  again,  during  recovery,  it  is  plumped 
up,  perhaps  beyond  the  surrounding  level. 

Sutures  why  '^^^®  suturcs  remain  distinct  for  a  long  time  after  the 

persistent;  closurc  of  the  fontanellcs  and  the  complete  formation  of 
the  skull.  They  may,  as  suggested  by  Gibson  \  Soemmerring,  and 
others,  serve  some  purpose  in  permitting  an  increase  of  the  size  of 
the  cranium  by  the  growth  of  the  bones  at  their  edges.  It  is 
evident,  however,  from  the  changes  in  shape  which  take  place  in 
the  parietal  and  other  bones  during  growth,  that  the  enlargement 
of  the  cranial  cavity  does  not  entirely  depend  upon  an  extension  of 
the  bones  at  these  sutural  edges ;  but  that  it  may  also  be  caused  by 
the  removal  of  bone  from  the  interior  of  the  skull  and  the  addition 
of  bone  on  the  exterior,  after  the  plan  that  we  have  found  to  be  fol- 
lowed in  the  shafts  of  the  long  bones.  It  by  no  means  follows, 
therefore,  that  if  the  skull  had  originally  consisted  of  one  piece  the 
cranial  cavity  could  have  undergone  no  increase  of  size;  but  that  in- 
crease would  have  been  slow,  because  so  little  assistance  would  have 
been  supplied  by  interstitial  growth  in  the  bones.  The  cranium  is 
formed  in  detached  pieces,  for  the  purpose  of  permitting  that  ra]}id 
growth  which  takes  place  in  the  brain  during  the  earlier  periods  of 
life,  as  well  as  of  providing  for  the  quick  variations  in  size  which 
then  occur,  and  of  facilitating  its  passage  through  the  mother's 
pelvis.  After  indigitation  has  taken  place  the  interlocking  of  the 
bones  is  so  intricate  that  I  question  whether  growth  can  take 
place  at  their  edges  much  more  easily  than  in  other  parts  of  their 
extent. 

whenobiite-  ^\).Q-  suturcs  scrvc  also  to  break  and  disperse  jarring 

rated.  vibratious,  and  in  that  manner  minister  to  the  security 

of  the  brain;  but  that  they  have  not  very  great  influence  in  any 
way  is  proved  by  the  very  variable  periods  at  which  they  are 
obliterated.     In  some  skulls,  edentulous  from  age,  I  have  found 


1  Memoirs  of  Mancli ester  Society,  1813. 
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them  still  well  marked ;  whereas  in  others,  whleh  Lore  evidence  of 
haying  only  just  reached  matm'ity,  they  could  scarcely  he  traced. 
The  fusion  of  the  bones  commonly  takes  place  hrst  at  the  fore  part 
of  the  sagittal  suture,  next  in  the  lambdoidal  suture  near  the  sagittal, 
then  in  the  coronal  suture  near  the  inferior  angles  of  the  parietal 
bones.  So  that,  as  a  general  rule,  the  sutures  are  first  obliterated  at 
the  parts  in  Avhich  the  ossification  of  the  skull  was  last  completed, 
yiz.  in  the  neighbourhood  of  the  fontanelles;  and  the  cranial  bones 
seem  in  this  respect  to  obserye  a  similar  law  to  that  which  regulates 
the  union  of  the  epiphyses  to  the  shafts  of  the  long  bones  (page  41). 
The  sutm-es  are  commonly  obliterated  earliest  in  those  skulls  in 
which  a  heayy  hard  condition  of  the  bones  eyinces  a  preternatural 
actiyity  of  the  ossifying  processes. 

Wormian  "^^^^  number  of  centres  of  ossification  in  the  skull  is 

boues :  tolerably  uniform.     Additional  ones  are,  however,  some- 

times supplied  in  the  course  of  the  sutures,  giving  rise  to  what  are 
called  2cormi'an  bones.  They  are  most  frequent  in  the  lambdoidal 
suture,  particularly  when  the  occipital  protuberance  is  very  marked; 
but  may  be  found  in  the  sagittal  suture  and  in  other  parts.  One 
of  considerable  size  sometimes  replaces  the  superior  angle  of  the 
occipital  bone,  covering  in  the  posterior  fontanelle;  and  there  is  not 
uufrequently  one  at  the  anterior  inferior  angle  of  the  parietal  bone, 
coverino-  the  fontanelle  there  situated.  A  wormian  bone  is  also 
occasionally  present  in  the  anterior  fontanelle^;  and  one  has  been 
found  at  the  base  of  the  skull  in  the  lesser  ala  of  the  sphenoid  bone 
and  between  the  sphenoid  and  ffithmoid  bones 2.  Ossification  does 
not  commence  in  them  so  soon  as  in  the  other  bones ;  not  till  six 
months  or  a  year  after  birth.  Beclard  says  that  they  are  never 
found  at  birth.  In  accordance  with  the  law  just  referred  to,  they 
are  united  to  one  another  and  to  the  rest  of  the  skull  at  an  earlier 
period  than  the  other  bones ;  so  that  in  the  fully  formed  skull  it  is 


^  Bertin,  Cruvelhier  and  Cuvier  each  describe  this.  Tiedemann,  in  Zeitschrift  filr 
PTiysioloyie,  ill.  gives  plates  of  two  in  the  same  situation ;  also  Sandifort,  Mus. 
Anat.  Tab.  viii.  There  are  seven  examples  of  it  in  the  museum  at  Bonn.  Blandin, 
Anat.  I.  100,  describes  them  in  each  of  the  fontanelles. 

-  \Yard's  Human  Osteologij,  p.  47. 
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impossible  to  tell  how  many  there  may  have  been.  With  the 
exception  of  the  one  in  the  posterior  fontanelle,  which  may  be  sup- 
posed to  represent  the  "interparietal  bone"  of  carnivora,  they  do  not 
appear  to  be  developed  according  to  any  particular  law,  and  do  not 
show  any  correspondence  with  the  additional  cranial  bones  of  other 
animals.  A  comparison  of  the  skulls  of  the  latter,  of  the  reptilian 
skulls  particularly,  Avith  that  of  man,  shows  that  the  more  numerous 
bones  composing  them  have  their  representatives  in  the  separate 
osseous  centres  from  which  the  larger  bones  of  the  human  cranium 
are  regularly  formed,  and  not  in  the  occasional  wormian  bones  ^ 

ni  rwh  t  They  are  evidently  stop-gaps  developed  in  the  membra- 

ciroumstances     nous  covering  of  the  brahi  when  the  extension  of  the  regular 

oftenest  found.  i--TTif  i-         rv- 

osseous  nuclei  is  likely,  tor  some  reason,  to  be  msuincient  to 
cover  in  the  cranial  cavity.  Thus  I  have  seen  several  instances  of 
rickety  foetuses  in  which  the  growth  of  the  primary  nuclei  of  the  frontal 
and  parietal  bones  has  been  arrested,  and  the  circumferential  parts, 
which  they  should  have  occupied  were  covered  by  detached  ossicles,  or 
wormian  bones.  The  skull  was  not  large  in  any  of  these  cases.  Such  de- 
ficiency in  the  growing  power  of  the  regular  centres  is,  however,  compai-a- 
tively  rare.  A  far  more  frequent  cause  of  the  formation  of  wormian 
bones  is  the  enlargement  of  the  cranial  cavity,  and  the  consequent  undue 
stretching  of  its  membranous  envelope,  which  takes  place  in  hydro- 
cephalus. In  this  disease  the  regular  bones  grow  quickly,  attain  to  great 
size,  and  may  even  suffice  to  complete  the  skull".  Commonly,  however, 
assistance  is  supplied  by  wormian  bones,  which  may  be  developed  very 
numerously  in  the  sagittal,  lambdoidal,  and  squamous  sutures,  being 
sometimes  two  or  three  rows  deep.  It  is  curious  that  they  are  very 
rarely  found  either  in  the  coronal  or  frontal  sutures'".      Often  they  differ 


^  Woi'miaii  bones  are  found  according  to  Dr  Williamson  (on  the  Human  Crania  in 
the  Aniiy  Medical  Museum,  Fort  Pitt,  Chatham,  Dublin  Quarterly  Journal,  Axig.  i, 
1857)  as  frequently  in  the  occii^ital  suture  of  the  Negro  as  in  the  European ;  and  they 
are  said  by  him  to  be  more  frequently  of  large  size  in  the  former,  often  cutting  off  the 
superior  angle  of  the  occipital  bone. 

^  In  some  hydrocephalic  specimens  in  the  Musee  Dupuytren  the  crania  are  of 
enormous  size,  yet  there  are  no  wormian  bones,  or  but  few,  the  preternatural  growth 
from  the  regular  nuclei  having  sufficed  to  cover  the  expanded  cerebrum,  even  closing 
the  fontanelles,  though  the  crania  were  evidently  those  of  young  subjects. 

^  In  a  hydrocephalic  skull.  No.  3487,  in  the  College  of  Surgeons,  a  strong  con- 
tinuous plate  of  bone  extends  from    the    oct-ipital   to    the   pethmoid  between  the  two 
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in  size  and  number  on  the  two  sides,  causing  a  want  of  symmetry  in 
the  shape  of  the  head.  It  is  interesting  to  observe  how  the  forms  of 
the  wormian  bones  and  the  direction  of  the  little  osseous  shoots  from 
the  margins  of  the  cranial  bones  are  affected  by  the  tension  of  the 
membranous  envelope  upon  which  they  are  formed.  In  hydrocephalic 
skidls,  whei'e  this  tension  is  gi-eatest,  the  osseous  centres  of  the  wormian 
bones  often  assume  a  linear  form,  so  that  they  may  be  seen  arranged  in 
parallel  lines,  extending  more  or  less  across  the  interval  between  the 
contiguous  bones,  and  looking  like  extensions  of  their  radiating  fibres, 
though  really  quite  separate  from  them'. 

In  hydrocephalus  the  fluid  accumulates  chiefly  in  the  lateral  ven- 
tricles; and  it  is  accordingly  the  frontal  and  parietal  bones  that  undergo 
the  chief  expansion.  The  fourth  ventricle  and  the  cerebellum  are  often 
not  much  altered;  and  the  corresponding  bone — the  occipital — is  not 
usually  so  much  increased  in  size  as  the  other  two.  The  base  of  the 
skull  is  somewhat  flattened,  but  does  not  undergo  much  change  either 
in  size  or  shape;  it  is  consequently  very  small  in  proportion  to  the 
calvarial  part". 

Eateofgi-owth  ^  have  already  (page  94)  spoken  of  the  proportion 
of  skiiiL  -which  the  skull  bears  to  the  rest  of  the  body,  and  of  the 

differences  in  its  rate  of  growth  at  different  periods  of  life.  Its  most 
rapid  increase  is  before  the  closm-e  of  the  sutures.  After  that  time 
its  enlargement  (as  has  been  said,  page  190)  is  effected  partly  by 
the  growth  of  the  bones  at  their  edges,  and  partly  by  the  removal 
of  osseous  lamina3  from  the  interior  and  the  addition  of  lamina?  on 
the  exterior  of  the  skull;  and  tlie  process  goes  on  at  a  gradually 
diminishing  rate  till  about  the  age  of  twenty.  The  assertion  that 
the  brain  and  skull  do  not  enlarge  at  all  after  the  seventh  year^  is 


parietals  and  the  lateral  portions  of  the  frontal.     A  median  suture  in  some  parts  of  its 
length  indicates  that  it  was  originally  formed  of  two  halves  which  have  coalesced. 

1  This  is  well  shown  in  the  Museum  of  the  College  of  Surgeons,  No.  3482, 
also  in  Sandifort's  Mus.  Anat.  Tab.  vii.  fig.  2,  and  Tab.  cxcii. 

2  This  is  because  the  base  of  the  skull,  as  well  as  the  cerebral  ganglia  in  immediate 
relation  with  it,  are  less  yielding  than  the  calvarium  and  upper  part  of  the  cerebral 
hemispheres.  In  some  instances  the  hinder  parts  of  the  temporal  bones  have  been 
depressed  below  their  proper  level,  so  that  their  zygomatic  processes  have  ascended 
obliquely  to  join  the  malar  bones.     Rathke,  in  Meckel's  Archiv,  VII.  486. 

3  This  idea  appears  to  have  been  taken  from  Scemmerring  and  from  Wenzel's  book, 
De  penitiori  cerebri  structurd;  though  it  is  not  quite  in  accordance  with  an  extract  from 
a  table  by  the  latter  given  in  Dr  Milligan's  translation  of  Magendie's  Physiology,  p.  544. 

13 
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disproved  both  by  common  experience  and  by  careful  observation 
(see  Tables  at  pp.  106  and  110).  Dr  Sims^  gives  a  table  of  the 
weight  of  the  brain  in  253  cases,  from  which  it  appears  that  the 
average  weight  goes  on  increasing  to  the  age  of  twenty,  that  from 
that  to  fifty  the  increase  is  very  slight,  and  that  after  fifty  there  is 
a  gradual  decrease  in  weight.  Dr  Reid^  and  Dr  Milligan^  obtained 
similar  results. 

As  years  roll  on,  the  skull,  in  some  instances,  be- 

Changes  in  age.  i    t    i         ^      •       i        • 

comes  thinner,  more  compact,  and  lighter^,  its  laminae 
being  finer  and  the  cells  of  its  diploe  enlarging.  Tliis  is  perhaps 
the  regular  and  normal  change,  and  it  corresponds  to  a  certain  extent 
with  what  takes  place  in  other  bones.  There  is,  however,  this 
peculiarity  in  the  skull ;  that,  Avhereas  during  growth  its  size  was 
increased,  like  that  of  the  shaft  of  a  long  bone,  by  the  removal  of 
bone  from  the  inside  and  the  addition  of  bone  on  the  exterior,  the 
reverse  now  occm'S.  The  removal  of  bone  takes  place  from  the  exte- 
rior, and  the  addition  is  made  on  the  interior ;  the  latter  giving  rise 
to  that  close  adhesion  of  the  dura  mater  and  those  roughnesses  and 


^  Medico- Chirurgical  Transactions,  "Vol.  xix. 

2  Physiological,  Pathological  and  Anatomical  Researches,  p.  380.  The  relative 
weight  of  the  encephalon  to  the  rest  of  the  body  is  shown  by  this  physiologist  to 
decrease  rapidly  during  the  period  of  growth,  and  to  undergo  comparatively  little 
alteration  after  the  age  of  twenty. 

3  Dr  Milligan  gives  the  following  table  of  mean  diameters  of  heads  at  different 
periods  of  life,  obtained  from  a  hatter : 

For  a  child  of  i  year  .         .         5|  inches. 


58  J> 

61      „ 

6|      „ 

7^  to  7|-  or  8  inches. 


,  2  years 

,  4  years 

,  7  years 

,  12  years 

,  16  to  18  years 

Adults  .... 
*  The  chief  result  of  Tenon's  comparisons  of  the  measurements  and  weighings  of 
the  skull  at  different  periods  of  life  are,  i.  The  increase  of  size  in  intra-uterine  life  is 
very  disproportionate  to  that  at  any  other  time;  2.  It  increases  in  weight  most  from 
the  age  of  six  to  the  adult  period ;  3.  From  the  adult  period  to  old  age  it  decreases  a 
little  in  size  and  loses  as  much  as  two-fifths  of  its  weight.  Recherches  sur  la  Crane, 
Mem.  de  VInstitut,  Vol.  i.  Meckel  found  the  skull  of  a  woman,  set.  70,  to  weigh 
14  oz.;  while  that  of  a  woman  ast.  20  weighed  24  oz.  One  edentulous  skull,  without 
the  lower  jaw  (evidently  from  a  very  aged  person),  in  the  Cambridge  Museum,  weighs 
1 1  a  oz. ;  another,  with  the  lower  jaw  (from  an  aged  female,  whose  whole  skeleton  is 
remarkably  atrophied),  weighs  14  oz. 
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projections  wliicli  are  commonly  met  with  in  tlie  cranial  cavities  of 
old  persons.  AYlien  the  former  process  exceeds  the  latter  the  skull 
becomes  rather  smaller  and  lighter.  This,  however,  is  by  no  means 
invariably  the  case.  It  not  unfreqnently  happens  that  the  process 
of  internal  addition,  to  till  up  the  space  left  by  the  shrinking  of  the 
brain,  goes  on  at  a  greater  rate  than  the  external  absorption,  so 
that  the  skull  is  rendered  actually  thicker  than  it  had  before  been. 
This  thickening  commences  generally  on  the  inside  of  the  frontal 
and  parietal  bones,  about  the  middle,  partly  filling  up  the  con- 
cavities, and  diminishing  the  inner  curvatures  of  these  bones. 
In  some  instances  the  diploe  is  proportionately  increased  and  its 
cells  are  widened,  so  that  there  may  be  little  or  no  increase  of 
weight ;  but  in  others  this  is  not  the  case.  It  may  remain  unal- 
tered, or  it  may  actually  undergo  condensation,  rendering  the  skull 
liea\der.  I  have  seen  so  many  instances  in  which  this  tendency 
to  an  increase  in  the  weight  of  the  skull  has  been  evinced  in  ad- 
vancing years,  that  I  conclude  it  to  be  a  matter  of  no  unfrequent 
occm'rence^ 

vasctaar  su  1  '^^^^  skull-boucs  are  well  supplied  with  blood  through 
The  arteries.  \\^q  medium  of  arterics  which  pass,  from  the  dura  mater 
on  the  one  side  and  the  pericranium  on  the  other,  through  the 
numerous  foramina  observed  upon  both  surfaces.  There  are  not 
any  which  exactly  correspond  with  the  medullary  arteries  of  the 
long  and  sliort  bones — that  is,  any  particular  vessels,  larger  and 


^  In  the  Cambridge  Museum  are  two  portions  cut  from  the  skulls  of  aged  persons ; 
both  are  thick,  heavy  and  hard,  with  scarce  a  trace  of  diploe.  The  skull  of  a  man, 
aet.  104,  from  which  the  lower  jaw  and  a  large  portion  of  the  hinder  part  of  the 
cranium  (nearly  a  quarter  of  the  whole)  have  been  removed,  weighs  1 7  oz.  The  lower 
part  of  an  edentulous  skull,  with  the  lower  jaw,  evidently  from  a  very  aged  person 
(from  which  the  calvarium  has  been  removed  a  quarter  of  an  inch  above  the  orbits), 
weighs  15  oz. ;  an  entire  edentulous  skull,  without  the  lower  jaw,  and  from  which  the 
alveolary  processes  of  the  upper  jaw  have  been  quite  absorbed,  weighs  28.]  oz.  ;  and 
another,  in  a  similar  state,  weighs  26  oz.  All  these  are  considerably  above  the  aver- 
age, and  all  are  thick  and  dense.  Weighing  some  other  crania,  for  the  sake  of  com- 
parison, I  found  the  large,  well-proportioned  skull  of  an  Irish  physician  to  weigh 
'260Z. ;  that  of  an  adult  European  female  21 1  oz. ;  of  an  African,  native  of  Guinea, 
probably  a  female,  26^  oz. ;  of  a  negro,  from  Congo,  32  oz.  The  lower  jaw  is  present 
in  all.  The  latter  two  are  much  less  capacious  than  the  former.  In  a  short  table 
given  by  Mr  Ward,  the  African's  skull  weighed  more  than  any  other,  although  its 
capacity  was  less. 

13—2 
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longer  than  tlie  otliers,  which  enter  at  the  points  where  ossification 
began.  All  are  of  nearly  nniform  size,  and  each  is  distributed  to 
the  part  near  which  it  enters.  The  supply  from  the  meningeal 
vessels  of  the  dura  mater  is  considerably  more  free  than  that  from 
the  pericranium.  Hence  the  orifices  on  the  inside  of  the  skull  are 
larger  and  more  numerous  than  those  on  the  exterior;  and  hence 
the  pericranium  may  be  extensively  detached  from  the  bones  with- 
out necrosis  or  other  evil  resulting.  The  meningeal  vessels  ramify 
in  the  exterior  of  the  dura  mater — in  that  which  is  the  remnant  of 
the  primitive  membranous  cranium.  They  are  derived  from  the 
middle,  the  anterior,  and  the  posterior  meningeal  arteries,  which 
are  branches  respectively  of  the  external  and  internal  carotid  and  of 
the  vertebral  arteries.  Their  offsets,  passing  from  the  dura  mater 
to  the  skull,  are  not  very  strong,  and  are  consequently  torn  through 
without  much  difficulty  in  taking  off  the  calvarium  after  death:  also 
during  life  they  do  not  offer  much  resistance ;  the  dura  mater  is  con- 
sequently easily  detached  from  the  skull,  by  effusions  of  blood  from 
the  middle  meningeal  trunks  or  from  the  great  venous  sinuses,  or 
by  formations  of  pus  or  other  causes.  These  offsets  are  however 
so  small  that  their  laceration,  whatever  be  its  cause,  is  rarely  pro- 
ductive of  any  serious  extravasation  of  blood.  This  is  a  point  of 
some  practical  importance,  inasmuch  as  we  need  not  be  appre- 
hensive of  any  injurious  result  from  effusion  of  blood  between  the 
dura  mater  and  the  skull,  unless  the  injury  be  in  the  locality  of  the 
great  trunk-vessels  just  mentioned,  and  unless  the  effusion  be  caused 
by  their  rupture. 

The  blood  is  returned  by  veins  which  take  different 

The  veins.  t  '  n 

dn-ections.  Some  of  them  pass  at  many  points  through 
the  larger  holes  on  the  exterior  and  on  the  inside  of  the  cranium, 
and  communicate  with  the  veins  of  the  pericranium  and  of  the  dura 
mater.  vSome  coalesce  into  larger  branches  which  run  for  a  con- 
venous  canals  sidcrablc  distaucc  in  canals  hollowed  out  for  the  purpose 
in  the  dipioe.  jj^  ^]-^g  diploe.  The  vcssels  and  the  containing  canals 
converge  into  four  or  five  chief  trunks  on  either  side.  Those  of  the 
fore  and  middle  parts  of  the  skull  converge  towards  the  supra-orbital 
notch  of  the  frontal  bone,  in  which  may  be  usually  seen  a  small 
foramen  penetrating  the  outer  table  of  the  skull.     This  foramen 
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transmits  the  vein  of  tlie  diploe,  which  here  joins  the  supra-orbital 
vein;  and  its  blood  is  conveyed,  throngh  the  latter,  under  tlie  roof  of 
the  orbit,  to  the  ophthalmic  vein,  and  so  on  to  the  cavernous  sinus. 
A  second  set  of  veins,  not  always  present  as  a  distinct  group,  con- 
verges from  the  outer  part  of  the  frontal  bone  towards  its  external 
angular  process,  and,  entering  the  orbit  through  a  foramen  there 
seen,  also  joins  the  ophthalmic  vein.  A  third  set  converges  from  the 
side  of  the  head  to  the  anterior  inferior  angle  of  the  parietal  bone, 
where  the  common  trunk  joins  the  vein  accompanying  the  middle 
meningeal  artery.  A  foiu'th  set  converges  to  the  postero-inferior 
angle  of  the  parietal  bone,  and  the  resultant  trunk,  passing  either 
through  the  mastoid  foramen  or  a  hole  near  it,  finds  its  way  into 
the  lateral  sinus.  The  fifth  set,  converging  from  the  occipital  bone, 
terminates  in  or  near  the  posterior  condyloid  foramen,  and  unites 
with  the  posterior  condyloid  vein,  or  enters  directly  into  the  lateral 
sinus.  The  several  canals  which  transmit  these  veins  may  be  traced 
by  filing  away  the  outer  table  of  the  skull.  Most  of  them  are 
represented  in  Breschet's  work,  and  have  been  copied  from  it  into 
other  books. 

_  ,     .  The  calvarium  is  more  richly  supplied  with  blood  than 

more  vascular    the  base  of  the  skull,  and  is  more  frequently  the  seat  of 

and  liable  to  ,  .   ,         . 

disease  than  disease.  Thus,  thickening  of  the  bones,  from  whatever 
the  base.  cause  arising,  is  more  common  in  the  calvarium  than  in  the 

base :  and  ulceration,  which  is  not  unfrequent  in  the  former,  is  rare  in 
the  latter,  and  has  its  origin  in  the  tympanum  in  most  of  the  instances 
in  which  it  does  occur.  Osseous  tumours  and  malignant  growths  ai"e 
also  not  unfrequent  in  the  calvarium  and  about  the  orbits  and  nasal 
cavities;  but  are  seldom  met  with  at  the  base. 

We  may,  in  like  manner,  associate  with  the  greater  vascularity  of 
the  inner  table  of  the  calvarium,  as  contrasted  with  that  of  the  outer,  its 
comparatively  greater  liability  to  thickening,  to  puerperal'  and  other 
deposits,  to  small  exostoses^,   &c.     The  deposits   on   the  exterior  are 


^  The  deposit  in  the  skull  which  has  been  observed  in  pregnant  women  and 
has  received  the  name  of  "puerperal  orteophyte,"  is  most  frequent  in  the  frontal  and 
parietal  bones,  and  is  usually  first  formed  in  the  grooves  for  the  vessels. 

^  There  are  in  Guy's  Museum  two  specimens  of  exostosis  on  the  exterior  of  the 
occipital  bone ;   and  the    nodulated  osseous  growths,  which   occasionally  affect   the 
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almost  confined  to  that  which  I  have  mentioned  as  an  occasional  attend- 
ant on  rickets,  unless  they  be  the  result  of  accident  or  of  the  peculiar 
chronic  irritation  of  syphilis.  We  may  associate  also  with  the  manner 
in  which  the  calvarium  derives  its  supply  of  blood  from  the  dura  mater 
on  the  interior,  as  well  as  from  the  periosteum  on  the  exterior,  the  fact 
that  inflammation  and  ulceration,  more  particularly  when  they  are  of  a 
syphilitic  nature,  generally  affect  the  whole  thickness  of  the  bone. 
They  may  begin  on  the  outside,  but  they  very  soon  make  their  way 
through  to  the  interior,  and  spread  in  the  latter  direction  quite  as  much 
as  in  the  formei*. 

„  ^^  ^   ,.  It  has  been  remarked  (p.  61)  that  reproduction  of  bone 

vei-y  slow.  takes  place  very  slowly  in  the  skuU.  The  presence  or  absence 
of  the  dura  mater  seems  to  make  no  difference  in  this  respect.  I  am 
not  aware  whether  the  pericranium  has  been  known  to  be  preserved  in 
any  cases ;  probably  it  would  not  much  affect  the  result.  Large  portions 
of  the  calvarium,  sometimes  including  its  entire  thickness,  occasionally 
come  away  in  a  necrosed  state  after  a  severe  burn,  and  the  patient  may 
survive.  I  have  now  and  then  seen  detached  osseous  nuclei  in  the 
fibrous  membrane  which  occupied  the  gap  so  caused  in  the  skull '. 

The  dura  mater  which  encloses  the  spinal  cord  lias 
no  immediate  connection  with  the  bones,  being  sepa- 
rated from  the  bodies  of  the  vertebras  by  the  ligamentum  posticum, 
and  from  the  arches  by  a  stratmn  of  fat.  As  it  passes  into  the 
skull  it  divides,  at  the  back  part  and  sides,  into  two  layers,  of 
which  the  outer  runs  to  and  is  connected  with  the  edge  of  the 
foramen  magnum,  while  the  inner  is  expanded  upon  the  interior  of 
the  occipital  bone.  In  front  it  becomes  closely  united  with  the 
ligamentum  posticum,  and  is  expanded  with  it  upon  the  base  of 
the  skull.  All  over  the  lower  part  of  the  skull  the  dura  mater  is 
closely  attached  to  the  bones,  adhering  tightly  to  their  surfaces,  and 
is  connected  with  them  intimately  through  the  medium  of  the 
many  ridges,  processes  and  foramina  that  exist  here,  as  well  as 
by  the  sheaths  which  it  sends  off  to  accompany  the  several  nerves 


frontal  bone,  appear  occasionally  on  the  exterior,  though  less  frequently  and  less  early 
than  on  the   inside. 

^  There  is  a  specimen  of  the  kind  in  the  Mus^e  Dupuytren ;  several  bony  nuclei 
are  seen  in  the  membrane  that  closes  up  a  large  gap,  caused  in  the  calvarium  by 
necrosis. 
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and  vessels.  These  slieatlis  line  tlie  foramina;  and,  like  the 
process  of  dura  mater  which  descends  through  the  foramen  mag- 
num upon  the  cord,  they  are  connected  botli  with  the  nerves 
and  vessels  and  with  the  margins  of  the  foramina:  at  the  edges 
of  the  latter  they  are  continuous  with  the  pericranium.  Towards 
the  sides  and  upper  part  of  the  skull  the  adhesion  of  the  dura 
mater  to  the  bones  is  less  intimate  than  at  the  base;  so  that  the 
calvarium  may  usually  be  separated  without  much  difficulty.  It 
follows  from  this  difference  between  the  degree  of  adhesion  of 
the  dm-a  mater  at  the  two  parts,  that  in  fracture  at  the  base  of 
the  skull  it  is  always  torn  through;  whereas  in  fractm-e  of  the  cal- 
varium it  often  escapes;  and  this  is  one  of  the  causes  of  the  former 
accident  being  so  generally  fatal. 

its  adhesion  to  The  conncctiou  of  the  dura  mater  with  the  bones 
creastT^to  increases  with  age.  In  the  foetus  and  young  child  the 
age.  several  bones  may  be  easily  turned  out  from  their  bed 

between  the  dura  mater  and  the  pericranium.  Nevertheless  it  is 
difficult  to  remove  the  calvarium  entire,  because  of  the  close  con- 
nection of  the  dm'a  mater  with  the  pericranium  at  the  sutures  and 
fontanelles.  After  the  sutures  and  fontanelles  are  closed,  the 
increasing  size  and  sti-ength  of  the  vessels  and  fibrous  processes 
which  pass  between  the  dm'a  mater  and  the  skull  make  the  union 
between  the  two  gTadually  more  close.  Finally,  in  old  age,  the 
ossification,  slowly  encroaching  upon  these  processes,  renders  the 
union  still  closer,  and  makes  it  difficult  to  detach  the  calvarium 
without  tearing  the  dm'a  mater,  or  leaving  flakes  of  the  inner  table 
of  the  skull  sticking  upon  it.  The  connection  between  the  dm-a 
mater  and  the  skull  is  most  intimate  of  all  in  those  cases  in  which 
ossification  has  acquired  an  unnatural  impetus,  in  consequence  of 
chronic  inflammation  excited  by  syphilis  or  other  cause,  and  has 
rendered  the  skull  thick,  hard,  and  heavy. 

The  dura  mater  serves  other  pm-poses   besides  that  of 

The  Sinuses. 

forming  an  endosteum  to  the  skull.  Its  processes — the  falx 
cerebri,  falx  cerebelli,  and  the  tentorium — projecting  into  the  interior, 
give  support  to  the  brain,  and  by  the  mode  of  their  formation  give  rise 
to  the  sinuses,  or  channels  for  the  conveyance  of  the  venous  blood  from 
the  brain.     These  are  formed  in  the  following  way.     The  dura  mater, 
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as  we  have  already  found  (p.  182),  consists  of  two  layers;  of  which  the 
outer  appertains  to  the  skull,  and  the  inner,  lined  by  the  arachnoid 
epithelium,  belongs  to  the  brain.  The  two  may  be  separated  in  infancy ; 
but  in  the  adult  they  are  intimately  blended  in  the  greater  part  of  their 
extent.  In  some  places,  however,  as  beneath  the  sagittal  suture,  they 
are  separated  on  either  side  of  the  middle  line;  the  outer  layer  is 
continued  across  beneath  the  bone,  while  the  inner  one,  dipping  in- 
wards, meeting  that  of  the  opposite  side,  and  descending  with  it,  forms 
the  falx.  A  triangular  canal  or  sinus  is  thus  made,  which  is  strengthened 
at  the  sides  and  angles  by  interlacing  bands  of  fibrous  tissue. 

The  other  sinuses  are   formed  in  the  same  way.     They 

Advantages  re-  •'  •' 

suiting  from       are  all  lodged  in  the  intervals  between  the  great  divisions  of 

the  manner  of  .  ..  /»i-  n 

their  forma-  the  brain ;  and  the  disposition  and  structure  oi  their  walls, 
^^°"'  added  to  the  tension  of  the  dura  mater  on  the  sides  and  of  the 

falx  and  tentorium  in  the  middle,  are  such  that  their  shape  cannot  easily 
be  altered  by  any  external  pressure ;  consequently  the  flow  of  the  blood 
through  them  cannot  be  impeded  by  the  pulsations  or  pi*essure  of  the 
biain  in  the  varying  positions  of  the  body.  The  tense,  unyielding 
character  of  their  walls,  moreover,  does  not  admit  of  either  collapse  or 
distension ;  hence  they  must  be  equally  full  at  all  times,  and  must  exert 
a  uniform  pressure  upon  the  brain.  So  that,  as  on  the  one  hand  they 
cannot  be  compressed  by  the  brain,  neither  can  they  be  distended  sufii- 
ciently  to  exert  any  injurious  pressure  upon  it.  This  doubtless  is  the 
reason  that  the  venous  blood  of  the  brain,  instead  of  passing  through 
large  veins  in  its  substance,  as  in  other  organs,  is  transmitted  through 
the  peculiarly  constructed  tubes  called  sinuses,  on  its  exterior  \ 

It  is  the  office  of  the  skull  to  protect  the  important 

Skull  adapted 

for  protection  iiervous  centrcs  contained  within  it;  and  when  we  re- 
flect liow  large  a  mass  the  brain  is,  and  that  its  delicate 
vascular  structure  renders  it  peculiarly  liable  to  suffer  from  con- 
tusion and  jars,  we  perceive  that  it  must  be  no  easy  matter  to 
secure  it  from  injury  during  the  rapid  movements  of  the  body, 
and  the  collisions  to  which  we  are  often  exposed.  Yet  so  ad- 
mirably   suited  to    this  purpose  are  its   coverings,  and   so  nicely 


^  For  description  and  illustrations  of  the  cerebral  sinuses,  &c.  I  must  refer  to 
Breschet's  work,  Sur  le  SystSme  Veineux,  or  to  woodcuts  taken  from  it  in  the  Cyclo- 
pedia of  Anatomy,  iii.  630. 
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adaj^ted  to  one  anotlier  are  the  brain  and  the  skull,  that  we  very 
seldom  find  an}--  serious  mischief  occurring  to  the  brain,  except  it 
he  from  a  fall  upon  the  head,  or  a  blow,  sufficiently  severe  to 
fractm-e  the  skull.  If  therefore,  in  any  case  of  injmy  to  the  head, 
we  can  assure  oiu'selves  that  the  skull  remains  entire,  we  may  be 
pretty  certain  that  the  brain  is  not  lacerated  or  shaken  beyond 
recovery.  The  patient  may  be  stmined ;  but  he  Avill  probably 
recover  his  consciousness  after  a  time,  and  eventually  do  well.  A 
few  instances  are  on  record  in  which  concussion  has  proved  fatal 
without  fi-actm-e ;  they  are,  hoAvever,  very  few,  so  few  that  they 
may  be  regarded  as  rare  exceptions  to  the  rule.  On  the  other 
hand,  if  the  symptoms  of  cerebral  lesion  be  so  severe  as  to  pre- 
clude the  hope  of  recovery,  that  alone  is  tolerably  conclusive  evi- 
dence of  fracture  of  the  skull.  In  short,  the  skull  is  constituted  in 
such  a  manner  that,  so  long  as  it  retains  its  integrity,  it  is  able  to 
protect  its  contents  from  serious  lesion ;  and  nothing  short  of  a 
blow,  which  breaks  it,  will  succeed  in  contusing  or  tearing  the 
brain. 

strenc^hened  Mucli    is    duc  to  the  roundcd    shape  of  the  skull, 

by  arches  whcrcby  its  strength  is  increased,  and  in  consequence  of 
which  many  blows  glide  off  from  it  without  doing  harm.  Then 
the  arch  of  the  calvarium  is  made  up  of  five  secondary  arches,  each 
of  which  is  formed  by  one  of  the  component  bones.  There  is  an 
occipital  arch  in  the  middle  and  a  parietal  and  a  frontal  arch  on 
either  side.  The  centre  and  more  prominent  part  of  each  is  thicker 
than  the  rest  in  the  little  child,  while  the  arch  is  still  incomplete; 
and  the  early  ossification  and  gTeater  thickness  of  the  more  promi- 
nent parts  of  the  skull,  the  edges  of  the  bones  being  connected  by 
membrane,  defend  the  cranium  and  its  contents  from  the  many 
falls  and  blows  to  which  little  children  are  exposed,  so  completely, 
that  we  do  not  often  see  the  skull  fractured  or  the  brain  severely 
damaged  in  them.  In  the  adult  the  arches,  formed  by  the  indi- 
vidual bones,  are  less  marked,  in  consequence  of  the  shape  of  the 
bones  ha^vang  been  altered,  so  that  their  middle  parts  are  less 
prominent.  These  middle  parts,  moreover,  instead  of  being  the 
thickest,  have  become  rather  the  thinnest,  parts  of  the  skull ; 
less  substance  is  now  required  in  them  because,  being  the  most 
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curved  portions,  they  receive  more  support  from  tlie  contiguous 
wall,  and  because  the  fibres  of  the  bone  converging  to  them 
contribute  to  their  strength  \ 

Further,  the  skull  is  strengthened  by  curved  lines  or 
ridges,  which  may  be  traced  all  round  it.  Thus,  from 
each  external  angular  process  of  the  frontal  bone  a  strong  ridge 
passes  over  the  orbit  to  the  nose;  another  is  directed  backwards, 
bounding  the  temporal  fossa,  crossing  the  frontal  the  parietal  and 
the  temporal  bones,  and  reaching  the  mastoid  process  of  the  latter. 
From  that  point  a  third  ridge  is  continued  across  the  back  of  the 
skull  to  the  opposite  mastoid  process.  In  the  interior  of  the  skull 
also,  from  the  tuber  occipitale,  where,  being  much  exposed,  the  bone 
is  very  thick,  strongly  marked  ribs  diverge  like  the  groining  of  a 
roof.  One  passes  downwards,  and  spreads  out  into  the  thick  edge 
of  the  foramen  magnum ;  another  passes  upwards  and  forwards, 
along  the  median  line,  to  the  frontal  bone,  where  it  rises  into  a 
sharp  crest  and  is  prolonged  over  the  sethmoid  bone,  forming  its 
crista  galli ;  a  third  and  fourth  ridge,  on  either  side,  bound  the 
gTOOve  for  the  lateral  sinus. 
Parfcoftheskuu        The  part  of  the  skull  situated  above  the  external 

beneath  tlie  .  n  j'i*i  -ii  mt«  i         it 

level  of  the  circumierential  ridges  just  described  is  covered  only  by 
ridges  thin.  ^|^g  |.j-^jj^  occipito-frontalis  tendon  and  the  skin,  and  is  of 
considerable  and  nearly  uniform  thickness ;  both  the  tables  and  the 
diploe  are  well  formed  in  it,  and  present  their  respective  characters 
in  full.  Beneath  these  ridges,  on  the  contrary,  the  skull  is,  in 
each  direction,  protected  by  its  situation  and  by  a  thicker  covering  of 
soft  parts ;  it  is  accordingly  thinner,  the  diploe  is  less  developed, 
the  two  tables  are  more  closely  united,  and  their  respective  charac- 
ters are  less  obviously  marked.  Thus  the  same  regard  to  economy 
of  material  and  to  the  prevention  of  imnecessary  weight  is  evinced 
in  the  construction  of  the  skull  as  in  other  parts  of  the  skeleton. 
The  skull  varies  a  good  deal  in  thickness  and  strength :  in  some, 


^  The  occipital  bone  is,  to  some  extent,  an  exception  to  this;  inasmuch  as  the 
"tuber,"  which  is  the  most  prominent,  is  also,  for  peculiar  reasons,  the  thickest  part 
of  the  wall.  If,  however,  we  examine  the  four  secondary  arches  of  which  the  bone  is 
composed,  we  shall  perceive  that  the  middle,  most  convex,  portion  of  each  is  the 
thinnest. 
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it  is  able  to  -withstand  great  violence;  in  others,  it  is  so  thin  that  a 
comparatively  slight  blow  will  break  it. 

Joining  of  tiie  The  several  bones  are  so  interlocked,  tied  together, 

bones.  j^j-^(^  dovetailed  at  their  edges,  that  they  are  more  easily 

broken  than  forced  asunder  ^ ;  and  their  disposition  with  regard  to 
one  another  is  such  as  to  offer  the  best  resistance  to  external  vio- 
lence. Thus  the  parietal  bones,  united  together,  form  a  great  arch 
across  the  upper  part  of  the  skull ;  the  broad  pillars  of  this  arch  are 
sloped  inwards  as  they  pass  downwards,  and  are  received  between, 
and  overlapped  by,  the  squamous  portions  of  the  temporal  bones,  so 
that  the  tendency  to  an  outward  thrust  which  would  be  caused  by 
any  weight  or  force  applied  at  the  summit  is  well  provided  against. 
Again,  for  a  similar  purpose,  the  frontal  bone  overlaps  the  parietal 
at  the  middle  of  the  coronal  sutm-e,  and  is  overlapped  by  it  on 
either  side.  So  effectual  are  these  and  other  provisions  for  the 
strengthening  of  the  calvarium,  that,  as  is  well  known,  if  a  person 
falls  on  his  head  the  base  of  the  skull,  which  is  furthest  removed 
from  injury  and  most  mider  cover  of  the  soft  parts,  is  quite  as 
likely  to  be  broken  as  the  crown,  if  not  more  so. 
The  weak  part  Indeed,  if  we  examine  a  skull,  when  all  the  soft 

at  the  base.  parts  liave  been  removed,  one  of  the  weakest  points  we 
can  find  is  in  the  middle  of  the  base,  at  the  sella  tm'cica,  just  in 
fr'ont  of  the  posterior  clinoid  processes.  The  sphenoid  bone,  which 
forms  the  chief  strength  of  the  part,  is  here -constricted  at  the  sides 
by  the  foramina  lacera  and  the  grooves  for  the  carotid  artery.  It 
is  hollowed  out  above  for  the  lodgment  of  the  pituitary  gland ;  be- 
neath, it  is  cut  away  behind  the  pterygoid  processes ;  its  middle 
is  excavated  for  the  sphenoidal  sinus.  It  runs  forward  like  a 
naiTOW  stem ;  yet  it  has  to  bear  the  chief  weight  of  the  face 
and  fore  part  of  the  skull.  A  vertical  section  shows,  moreover,  that 
there  is  a  bend  here;   the  fore  part  of  the  body  of  the  sphenoid 


^  In  the  Mus(^e  Dupuytren  is  a  specimen  of  separation  of  the  parietal  bones  at  the 
sagittal  suture ;  and  another  where  from  a  fall  upon  the  head  the  right  parietal  has 
been  separated  from  the  left  and  from  the  frontal  bone  along  the  line  of  the  sagittal 
and  frontal  sutures.  These  are,  however,  exceptional  instances;  the  fracture  much 
more  commonly  traverses  the  bones  than  follows  the  lines  of  the  sutures. 
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and  the  ^ethmoid  forming  an  obtuse  angle  with  the  hinder  part 
of  the  body,  of  the  sphenoid  and  the  basilar  process  of  the  occi- 
pital bone  (PI.  XY.  fig.  1).  Immediately  in  front  of  and  be- 
hind this  point  the  skull  is  strengthened  by  the  descending  ptery- 
goid processes  and  the  upper  jaw  in  one  direction,  and  by  the 
thickening  of  the  basilar  process  and  the  addition  of  the  posterior 
clinoid  plate  in  the  other.  Not  only  is  the  skull  here  weakened  by 
the  foramen  lacerum  medium'  on  either  side,  but  external  to  that  are 
the  fissure  between  the  spinous  portion  of  the  sphenoid  and  the 
petrous  portion  of  the  temporal,  the  fissura  Glaseri,  the  tympanum, 
the  external  auditory  canal,  and  the  thin  wall  of  the  temporal 
fossa.    . 

The  eye  at  once  points  to  this  part  of  the  base  as  the 

Frequency  of  *'  ^  '■ 

fracture  at  most  probable  seat  of  fracture  in  any  case  in  which  the  skull 
is  subjected  to  a  severe  jar,  such  as  that  which  would  be 
caused  by  a  fall  from  a  height ;  and  experience  tells  us  that,  in  spite  of  its 
being  so  far  removed  from  exposure  to  direct  injury  and  so  protected  by 
soft  structures,  it  is  more  often  broken  by  force  indirectly  applied  than 
any  other  part  of  the  cranium.  A  man  for  instance  falls  upon  the  crown 
of  his  head ;  the  pax-t  struck  gives  way,  and  the  fracture,  if  it  be  severe, 
usually  runs  round  to  the  base,  traversing  the  sella  turcica  and  the  middle 
cerebral  fossa,  often  in  the  exact  line,  from  one  temporal  fossa  to  the 
other,  which  I  have  described.  In  some  instances  the  fracture  has  taken 
place  here,  although  the  skull  was  not  broken  at  the  part  struck.  In 
such  cases,  and  they  are  not  uncommon,  we  must  consider  that  the 
whole  bone,  regarding  the  skull  as  one  bone,  has  been  subjected  to  the 
disturbing  influence  of  sevex'e  vibrations,  and  has  given  way  at  the 
weakest  point :  just  as  any  other  frangible  body,  of  unequal  strength 
at  different  parts,  if  allowed  to  fall,  or  if  in  any  other  way  sub- 
jected to  violent  concussion,  would  break  where  it  was  weakest. 

In  order  to  prove  that  the  direction  of  the  line  of  fracture  at  the 
base  is  regulated  rather  by  the  construction  of  the  skull  than  by  any 
contre-couiJ  from  the  vertebral  column,  I  allowed  a  skull,  with  its  cover- 


^  This  exists  only  in  man  as  a  distinct  foramen  or  fissure ;  it  is  obliterated  in  other 
animals  by  the  bulging  of  the  tympanum  or  by  the  contact  of  the  sphenoid  with  the 
occipital  bones. 
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ings  and  contents,  recently  removed  from  the  spine,  to  fall  several  feet 
upon  a  brick  pavement,  taking  care  that  the  crown  came  first  upon  the 
.floor.  It  descended  -svith  sufficient  force  to  crack  the  bricks,  but  was  not 
itself  fractured  till  the  third  time,  when  the  upper  part  of  the  frontal 
bone  near  the  parietal  was  broken.  A  fissure,  starting  from  this  point, 
ran  through  the  left  temporal  fossa,  behind  the  zygoma,  through  the 
external  auditory  passage  and  the  tympanic  part  of  the  temporal  bone. 
Here  the  fracture  was  very  severe,  a  portion  of  bone  being  quite  loose 
and  the  cavity  of  the  t;^Tnpanum  largely  exposed.  From  this  it  reached 
the  foramen  lacerum,  crossed  the  sella  tui'cica  to  the  opposite  foramen 
lacerum,  and  tei'minated  in  the  right  temporal  bone.  A  secondary 
fissure  ran,  nearly  at  right  angles  to  the  formei',  from  the  right  foramen 
lacerum  through  the  line  of  junction  between  the  petrous  and  occipital 
bones  to  the  jugular  foramen,  and  terminated  in  the  right  side  of  the 
occipital  bone.  Thus  the  fractiu'e  took  the  ordinary  course  although  the 
head  was  detached  from  the  spine.  The  skull  was  broken  at  the  point 
where  the  blow  was  received ;  but  it  may  be  remarked  that  the  calvarium 
did  not  give  way  at  all  till  it  was  struck  at  the  junction  of  the  frontal 
with  the  parietal  bones,  where  the  arch  is  a  little  flattened.  The 
fracture  traversed  the  narrowest  and  weakest  part  of  the  skull  and  was 
more  severe  in  the  base  than  elsewhere. 

Sometimes,  even  when  the  blow  is  upon  the  occiput,  the  fracture 
travels  round  outside  the  petrous  portions  of  the  temporal  bone  to  the 
sella  turcica. 

Besides  the  instances  afforded  by  the  base  it  is  no  un- 

Fracttire  oppo- 
site to  the  common  thing  for  fractiu'e  to  take  place  in  the  pai-t  of  the 

^       ^'^  skull  opposite  to  that  on  which  the  blow  was  received,  in 

consequence   of  the    disturbance  caused  by  the  meeting  of  vibrations 

which  have  travelled  round  the  skull.     This  may  happen  although  the 

part  which  has  been  struck  remains  entire ;  thus  I  have  known  a  blow 

on  one  side  of  the  head,  cause  fracture  of  the  opposite  orbital  plate  of 

the  frontal  bone,  without  breaking  any  other  part  of  the  skull. 

In  considering  the  mechanism  by  which  the  brain  is 

Vibrations  .^  '^ 

dissipated  by  protected  from  Vibratory  shocks,  we  must  not  forget  the 
of  covering  of  Several  strata  of  tissue,  of  different  density,  that  inter- 
different  yene  bctwccn  it  and  the  sm-face.     These  have  the  effect 

consistence, 

not  only  of  preventing  the  spread  of  disease  from  the 
.surface  to  the  interior  (page  17);  but  they  also  contribute  to  prevent 
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the  occurrence  of  jars  and  tend  to  dissipate  vibrations  in  tlie  cir- 
cumference of  tlie  head,  Iby  giving  them  a  lateral  direction,  instead 
of  favouring  their  transmission  straight  onwards  into  the  interior. 
The  separation  of  the  outer  and  inner  tables  of  the  skull  by  the  in- 
tervening diploe  in  this  way  renders  the  bony  wall  less  permeable 
by  vibrations  than  if  it  had  been  of  uniform  consistence.  The 
inner,  or  "vitreous"  table,  which  is  the  most  dense,  must  exert  an 
especial  influence  in  lateralizing  the  vibrations  and  dispersing  them 
on  its  o^vn  surface,  instead  of  transmitting  them  onwards  to  the 
soft  structures  which  lie  next  to  it. 

and  by  structure  Wc  camiot  fail  also  to  remark  and  admire  the  fur- 
and  cusposition  ^j^g^.  pi-Qyigion  for  the  exhaustion  and  safe  conduct  of 

of  the  inner  1 

table  of  skidL  tliosc  vibratious  that  have  reached  the  inner  table, 
which  is  afforded  by  the  extension  of  its  surface  through  the  me- 
dium of  eminences  and  depressions,  and  particularly  by  means  of 
ridges  jutting  into  the  interior.  These  ridges,  starting  from  some 
of  the  more  exposed  points,  especially  the  tuber  occipitale,  not  only 
strengthen  the  skull,  but  contribute  greatly  to  carry  off  the  jars 
from  the  various  points  at  which  they  may  be  received  and  to  distri- 
bute them  in  a  harmless  manner.  They  project  into  the  intervals 
between  the  great  divisions  of  the  brain,  where  there  is  commonly 
more  subarachnoid  fluid  than  at  other  places ;  and  they  are  inti- 
mately connected,  at  their  edges  and  terminal  points,  with  the 
strong  expansions  of  the  dura  mater — the  falx  and  the  tentorium — 
which  would  still  further  distribute  and  exhaust  the  vibrations. 
Thus  there  is  every  facility  for  causing  jarring  impulses  to  deviate 
from  the  direct  line  and  take  a  circumferential  route,  in  which  they 
are  gradually  weakened  and  rendered  harmless. 

So  admirably  adjusted  are  these  provisions  for  the  circumferen- 
tial deflection  of  vibrations,  that  almost  as  much  injury  is  to  be 
apprehended  from  their  disturbing  influence  upon  the  brain  at  the 
point  where  they  meet,  after  travelling  round  the  skull,  as  at  the 
point  where  they  were  set  going.  Hence  it  is  nearly  as  common  to 
find  ecchymosis  and  laceration  of  the  cerebral  substance  at  one  of 
these  points  as  at  the  other;  and  it  has  already  been  mentioned 
that  fractm-e  of  the  skull  sometimes  happens  at  the  part  opposite  to 
that  on  which  the  blow  was  inflicted.     In  other  words,  the  balance 
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of  adjustment  lias  been  attained  with  such  nicety  in  the  construc- 
tion of  the  skull,  that  the  property  of  transmitting  vibrations  could 
not  have  been  increased  or  diminished  without  lessening  the  secu- 
rity of  the  brain. 

Eeiationofthe  ^^^^  havc  already  found  that,  both  in  its  primitive 

skuutothe  membrauous  and  in  its  subsequent  ossifying  state,  the 
skull  is  moulded  upon  the  brain  and  grows  in  accordance 
with  it.  It  is  subservient  to  the  brain,  and  there  can  be  no  ques- 
tion that  the  size  and  general  shape  of  the  brain  may  be  estimated 
with  tolerable  accuracy  by  the  size  and  general  shape  of  the  skull ; 
and,  fiu'ther,  that  we  may  form  a  pretty  correct  notion  of  the  rela- 
tive proportions  of  the  cerebral  lobes  by  observing  the  proportions 
of  the  corresponding  parts  of  the  skull.  The  opponents  of  phreno- 
logy, by  denying  this,  do  not  in  the  least  advantage  their  cause  in 
the  estimation  of  thinking  persons,  because  the  statement  is  of  a 
kind  at  once  to  commend  itself  to  common  sense  as  being  highly 
probable.  Neither  do  the  objections  to  this  mode  of  forming  an 
estimate  of  the  brain,  wdiicli  are  often  adduced  from  the  varying 
size  of  the  frontal  sinuses  and  the  projecting  ridges,  from  the  occa- 
sional presence  of  inequalities  on  the  surface  which  have  no  corre- 
spondences in  the  interior,  from  the  varying  amount  of  fluid  in  the 
subarachnoid  tissue  and  the  ventricles,  or  from  certain  morbid  con- 
ditions or  congenital  malformations^,  amount  to  much.  These  show 
that  allowances  must  be  made,  and  that  we  must  not  expect  in  this 
way  to  form  an  accurate  estimate  ;  but  they  do  not  affect  the  principle 
that  the  skull  is  moulded  upon  and  fitted  to  the  brain,  and  that  its 
exterior  does,  as  a  general  rule,  convey  pretty  accurate  information 
respecting  the  size  and  shape  of  that  organ.  The  argmnents  against 
phrenology — if  by  phrenology  be  understood  the  assigning  par- 
ticular faculties  of  the  mind  to  particular  portions  of  the  brain,  and 
mapping  out  the  skull  accordingly — must  be  of  a  deeper  kind  than 
this  to  convince  any  one  who  has  carefully  considered  the  subject. 


^  In  a  case,  at.  44,  of  congenital  deficiency  of  the  middle  portions  and  left  hemi- 
sphere of  the  cerebellum  with  hydrocephalus  the  bones  of  the  skuU  were  perfect  and 
not  thinner  than  usual,  all  the  sutures  were  very  distinct,  and  the  shape  of  the  head 
from  before  backwards  was  an  abnost  perfect  oval.     Trans,  of  Path.  Society,  rv.  31, 
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They  may,  I  think,  be  safely  drawn  from  what  we  know  of  the 
physiology  of  the  brain;  but  are  rather  weakened  by  these  objec- 
tions, which  we  often  hear  adduced  in  a  hostile  spirit,  from  the 
absence  of  an  accurate  correspondence  between  the  skull  and  the 
brain.  Such  accurate  correspondence  may  doubtless  be  proved  to 
be  wanting,  and  the  confidence  in  the  exact  details  of  phrenology 
may  be  so  shaken ;  but,  forasmuch  as  the  general  correspondence 
between  the  two  cannot  be  doubted,  it  might  be  thought  that  the 
principles  of  phrenology  were  thereby  established,  and  that  a  little 
more  caution  and  a  little  less  attempt  at  exactness  in  working  out 
its  details  would  render  it  a  branch  of  true  science.  Phrenology 
must  be  shown  to  be  fallacious,  not  so  much  by  a  want  of  exact 
harmony  between  the  skull  and  the  brain,  as  by  a  want  of  harmony 
betAveen  its  fundamental  positions  and  the  physiology  of  the  brain. 
This,  I  think,  might  be  done;  but  it  is  not  within  the  scope  of 
the  present  work  to  enter  further  into  the  subject. 
ThefossEeat  Eacli  of  the  fossffi  obscrvcd  in  the  interior  of  the 

baseofskuu.  ^qot  of  the  skuU  is  fomicd,  in  great  part,  by  one  of 
the  cranial  vertebrte — the  occipital,  the  parietal,  or  the  frontal — 
and  each  lodges  one  of  the  great  divisions  of  the  brain.  The 
occipital  fossa  contains  the  cerebellum;  the  parietal,  or  sphenoidal 
fossa,  lodges  the  middle ;  and  the  frontal  fossa,  the  floor  of  which 
is  raised  by  the  orbits,  lodges  the  anterior  lobe  of  the  brain.  The 
so-called  posterior  lobe,  which  is  distinguished  only  arbitrarily  from 
the  middle  lobe,  extends  over  the  tentorium  and  cerebellum,  and 
occupies  the  hinder  part  of  the  cranial  cavity. 

Olfactory  -^  fourth  fossa,  situatcd  upon  the  cribriform  plates  of 

fossa.  iiyQ  gethmoid  bone,  bounded  by  the  orbital  plates  of  the 

frontal  bone,  and  lodging  the  olfactory  nerves  or  lobes  of  the  brain, 
though   small  in  the   human  skull,  is  of  large   size   and  forms  a 
very  distinct  compartment  in  many  of  the  lower  animals. 
The  projecting  ^^^^  Icsser  ala  of  the  sphenoid  bone  and  the  anterior 

processes  at       cliuoid   process  wldch   separate  the    anterior  from  the 

the  base  ren-  _  _ 

dered  harmless,  middle  fossa,  are  received  into  the  Assure  of  Silvius ;  and 
the  posterior  clinoid  processes  and  the  sella  turcica  correspond  with 
the  space  under  the  third  ventricle.  These  processes,  which  stand 
up  in  so  bold  and  apparently  hurtful  a  manner  in  the  dry  skull, 
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are,  In  the  recent  state,  covered  in  by  the  extensions  of  the  tento- 
rium so  as  scarcely  to  project  at  all  ahove  the  surrounding  level. 
There  is  also  a  good  deal  of  subarachnoid  fluid  collected  at  this  part, 
which  protects  the  brain  from  their  pressure,  and  from  any  vibra- 
tions ■which  may  result  from  the  converging  of  numerous  ridges  at 
this  particular  spot. 

The   position    of  the    pituitary  gland  in   the    sella 

Pituitary  fossa.  .  i-iiiii  ^•        •  i 

turcica,  siiielded  by  the  clmoid  processes,  and  covered 
in  by  the  dura  mater,  occupying  the  pituitary  fossa,  a  recess  which 
is  so  isolated  and  far  removed  from  direct  injury,  yet  which  is  a 
part  of  the  skull  more  often  traversed  by  fractm-es  than  any  other, 
is  worthy  of  remark. 

Cerebral emi-  Aloug  the  floor  of  the  three  great  fossa?  just  men- 

nencesand        tioucd  arc  mauv  bluut  ridffes  separatina;  shallow  depres- 

digital  depres-  •'  o  j.  o  j. 

sions.  sions.    These  cerebral  eminences  and  digital  depressions 

are  of  various  sizes  and  shapes,  and  are  irregularly  disposed,  seldom 
being  symmetrical.  In  most  skulls,  they  can  be  said  to  be  symme- 
trical only  in  one  part,  and  that  is  near  the  inner  edges  of  the  orbital 
plates  of  the  frontal  bone.  The  oblong  depression  running  external 
to  and  nearly  parallel  with  that  edge  on  either  side  lodges  the  cere- 
bral convolution  which  lies  close  by  the  olfactory  nerve;  and  this, 
though  not  one  of  the  so-called  "primary  convolutions"  (the  "olfactory 
convolution"  lies  on  the  inner  side  of  the  nerve),  is  nevertheless 
tolerably  constant.  All  the  other  depressions,  like  the  convolutions 
by  which  they  are  impressed,  are  very  irregular  and  unsymmetrical. 
These  ridges  and  depressions  are  to  be  foimd  but  sparingly  on  the 
calvarium,  because  the  dm-a  mater  is  there  thicker,  and  because  the 
brain  is  not  always  in  close  contact  with  this  part  of  the  skull. 
It  is  so  only  when  it  completely  fills  up  the  brain  case.  When  it 
shrinks,  as  it  often  does  from  disease  and  other  causes,  it  remains 
in  close  contact  with  the  base  of  the  skull,  to  which  it  is  bound  by 
the  nerves  and  vessels,  but  retires  from  the  calvarium;  and  the 
subarachnoid  fluid  accimiulates  at  this  part  to  fill  up  the  interval 
between  the  upper  convolutions  and  the  bone. 

Subarachnoid  This  leads  me  to  say  a  word  or  two  respecting  the  office 

fluid.  q£  .^j^g  subarachnoid  fluid  as  a  means  of  permitting  the  vari- 

ations in  the  size  of  the   brain,  which  are  necessary  attendants  upon 

14 


210  THE   SKULL. 

variations  in  its  function.  This  fluid,  occupying  tlie  meshes  of  the  pia 
mater  and  consisting  of  serum,  appears  to  be  chiefly  the  result  of  an 
exudation  from  the  numerous  small  vessels  i-amifying  in  that  mem- 
brane, and  is  caj)able  of  being  quickly  efiused  or  quickly  absorbed  as 
occasion  may  require.  Accordingly,  when  the  intellectual  functions  are 
in  high  activity,  and  the  brain  is  of  sufficient  size  to  fill  up  the  cranial 
cavity,  the  subarachnoid  fluid  exists  in  small  quantities.  But  when, 
on  the  other  hand,  owing  to  general  wasting  of  the  body,  or  to  inactivity 
of  the  mental  functions,  the  brain  shrinks,  then  the  fluid  oozes  forth, 
and,  accumulating  in  the  pia  mater,  fills  up  the  interspace  left  between 
the  brain  and  the  skull.  In  persons  who  have  died  of  phthisis  or  after 
protracted  illness  of  any  kind,  especially  illness  dependent  upon  chronic 
cerebral  disease,  in  old  persons,  and  in  those  who  have  been  long 
addicted  to  drink,  the  brain  is  often  found  to  have  shrunk  a  good  deal, 
and  the  pia  mater  covering  the  convolutions  and  dipping  between  them 
is  swollen  and  sodden  with  infiltrated  subarachnoid  fluid.  This  was 
formerly  thought  to  be  a  morbid  condition,  was  designated  by  the  term 
"  serous  apoplexy,"  and  was  often  thought  to  be  a  cause  of  death.  It  is 
now  known  to  be  only  a  natural  and  salutary  phenomenon.  A  some- 
what similar  provision  exists  in  the  ventricles  of  the  brain;  and  the 
same  result  appears  in  some  instances  to  be  attained  by  thickening  of 
the  dura  mater  and  arachnoid,  and  by  deposit  of  bone  upon  the  inner 
tables  of  the  skull,  particularly  on  the  frontal  bone'. 


THE  ORBITS. 

The  bones  of  the  face  are  arranged  to  enclose  the  cavities  for 
the  eyes,  the  nose,  and  the  mouth,  and  to  give  strength  to  the 
apparatus  for  masticating  the  food;  and  the  two  former  organs  are 
placed  as  guardians  over  the  mouth. 

Up  er  and  ^^  man,  as  compared  with  other  animals,  the  face  is  but 

lower  margins    ^  small  appendage  to  the  cranium,  being  much  inferior  in 

in  the  same  .  . 

plane.  size,  and  compressed  beneath  its  fore  part;  and  the  dis- 

position of  the  facial  bones  in  a  nearly  vertical  manner  beneath  the 


^  Attention  has  been  particularly  directed  to  this  subject  by  Dr  Sims,  in  his  paper 
on  hypertrophy  and  atrophy  of  the  brain,  in  the  19th  VoL  of  the  Medico-Chirurgical 
Transactions. 
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cranium,  instead  of  projecting  obliquely  in  front  of  it,  which  is  the 
case  in  all  other  animals,  causes  the  lower  or  maxillary  margins 
of  the  orbits,  in  the  well-formed  skull,  to  be  in  the  same  vertical 
plane  with  their  upper  or  frontal  margins,  or  nearly  so.  The  eyes, 
consequently,  look  straight  forward,  in  the  erect  posture,  and  occupy 
a  commanding  position  in  reference  to  the  body,  and  to  the  lower 
as  well  as  the  upper  extremities.  Such  an  amount  of  ocular  sur- 
veillance over  the  limbs  is  peculiar  to  man,  and  has  relation  to  the 
more  complete  subjugation  of  his  extremities  to  the  dominion  of 
the  will  (p.  88). 

The  great  breadth  of  the  fore  part  of  the  human 

Their  inner  _  ^  '-  ^ 

walls  nearly  craniuui  also  allows  the  orbits  to  be  placed  in  front, 
instead  of  on  the  sides  of  the  head,  and  renders  their 
inner  walls  parallel,  or  nearly  so.  In  the  lower  animals,  on  the 
contrary,  the  latter  are  inclined  inwards  as  they  pass  backwards, 
so  that  they  nearly  meet  behind.  This  parallelism  of  the  inner 
walls  of  the  orbits  in  man  is  associated  with  the  parallelism  of  the 
optic  axes,  and  contributes,  therefore,  to  that  clear,  accm-ate,  and 
steady  vision  which  results  from  the  ready  convergence  of  the  eyes 
upon  any  object. 

The  near  approach  to  parallelism  in  the  orbits  and 

Provision  to  .  .  .  i     t        •  i         t      • 

extend  range  optic  axcs  111  mail  IS  neccssarily  attended  with  a  limita- 
tion of  the  range  of  his  vision,  although  the  outer  margins 
of  the  orbits  are  in  a  measure  suppressed  to  lessen  this  restriction. 
A  great  compensation  is,  however,  afforded  by  the  free  and  rapid 
rotatory  movement  of  the  head  upon  the  neck,  which  is  sufficient  to 
enable  us,  by  tm'iiing  the  head  to  either  side,  to  see  beyond  the 
middle  line  behind;  so  that  we  possess  the  power  of  bringing  the 
whole  circle,  in  the  centre  of  which  we  may  be  placed,  into  the 
range  of  vision  without  moving  the  shoulders.  The  backward  or 
retiring  slant  of  the  outer  margin  of  the  orbit  is  greater  at  the 
lower,  or  malar  part,  thereby  permitting  a  greater  extension  of  the 
lateral  range  of  vision  upon  the  ground  where  it  is  most  wanted; 
whereas  above,  the  prominence  of  the  external  angular  process  of 
the  frontal  bone  serves  to  protect  the  eye  from  injury  in  the  direc- 
and  protect  ^ou  in  which  blows  are  most  likely  to  come.  On  the 
the  eye.  inner  side  protection  is  afforded  by  the  prominence  of 

14—2 
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tlie  nose  and  tlie  overhanging  of  the  "brow,  which  is  increased  hy 
the  development  of  the  frontal  sinuses.  It  may  be  observed  that, 
although  the  outer  half  of  the  margin  of  the  orbit,  which  is 
formed  by  the  malar  bone  and  the  external  angular  process  of  the 
frontal  bone,  is  slanted  backwards  so  as  to  increase  the  lateral 
range  of  vision,  it  is  sharp  and  rather  incurved,  overhanging  the 
orbital  cavity.  The  inner  margin  of  the  orbit,  on  the  contrary, 
though  advanced  further  forwards,  is  sloped  towards  the  nose, 
away  from  the  cavity  of  the  orbit,  so  that  it  is  not  well-defined, 
and  scarcely  interferes  with  the  range  of  vision  in  that  direction. 
This  is  most  apparent  at  the  inner  and  upper  edge  of  the  orbit; 
and  the  extension  of  the  opening  of  the  cavity  in  this  manner, 
where  it  is  bounded  by  the  internal  angular  process  of  the  frontal 
bone,  in  conjunction  with  the  repression  of  its  malar  boundary 
at  the  diagonal  point,  gives  to  it  an  oval  form;  the  long  dia- 
meter of  the  oval  being  drawn  from  the  middle  of  the  malar 
bone  to  the  internal  angular  process  of  the  frontal  bone.  (PI.  XV. 
fig.  3). 

Shape  of  the  Each   Orbital   cavity  is   of  conical   form,    its   apex 

orbits.  being  at  the  confluence  of  the  foramen  lacerum  with  the 

sphenomaxillary  fissure.  It  is  not,  however,  by  any  means,  a  true 
cone,  forasmuch  as,  from  behind,  its  inner  wall  is  directed  nearly 
straight  forwards,  whereas  the  outer  wall  slants  outwards  and  for- 
wards. 

Relation  to  the  The  optic  axcs,  by  which  I  mean  lines  passing 
optic  axes.  through  the  antero-posterior  diameters  of  the  eyes  from 
the  middle  of  the  corneas  to  the  "foramina  of  Soemmerring,"  are 
parallel  with  the  inner  walls  of  the  orbits,  and  with  one  another,  in 
the  state  of  rest.  Under  the  muscular  influence,  which  is  called 
into  play  when  the  eyes  are  used,  this  parallelism  is  destroyed,  and 
the  optic  axes  are  then  made  to  converge  upon  the  object  we  are 
examining. 

Their  inner  ^hc  surfaces  of  the  orbits  are  not  marked  by  many 

surfaces.  foramina  for  blood-vessels;  they  are  smooth,  and  the 

periosteum  is  loosely  connected  with  them.  In  performing  opera- 
tions within  the  orbit  it  is  well  to  bear  this  in  mind,  as  also  the 
position  of  the  fissura  lacera  and  its  direct  communication  with  the 
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cerebral  cavity,  for  fatal  results  would  be  likely  to  follow  too  free 
use  of  the  knife  in  this  direction. 

Of  the  seven  bones — the  frontal,  Eethmoid,  lachrymal, 

The  contribii-  _  _  _  '  . 

tion  by  tiie  splicuoid,  supcrior  maxillary,  malar,  and  palate — which 
enter  into  the  orbit,  the  last  forms  by  far  the  smallest 
part.  Indeed  we  are  disposed  to  wonder  at  its  appearance  there 
at  all,  so  constantly,  and  yet  making  so  very  small  a  contribu- 
tion to  the  wall  of  the  cavity.  We  find  it  forming  a  much  more 
important  constituent  in  the  orbit  of  carnivorous  and  graminivorous 
animals.  In  them  it  projects  in  front  of  the  sphenoid,  between 
the  fi'ontal  and  maxillary  bones,  so  as  to  occupy,  more  or  less,  the 
place  of  the  os  planum  of  the  jBthmoid,  which  disappears  from  the 
orbit  in  many  quadrumana  and  in  most  of  the  carnivora\ 
Varieties  in  Although  there  is  some  difference  in  the  shape,  there 

size  and  shape,  jg  j^q^  much  difference  in  the  size  of  the  orbits  in  the 
different  races  of  mankind.  It  is,  moreover,  remarked  by  Mr  Shaw^, 
that  "whether  we  take  the  rickety  skull,  that  of  the  standard 
size,  or  that  of  the  giant,  the  diameters  of  the  orbits  measure  the 
same  in  all."  This  uniformity  coi-responds  with  that  of  the  size 
of  the  eyes ;  and  in  foetal  and  early  life  the  orbits  are  large,  which 
has  relation  to  the  early  development  and  growth  of  the  eyes. 
With  regard  to  the  differences  of  shape  manifested  at  birth  and  in 
the  adult,  see  PI.  XV.  figs.  3  and  4,  with  the  description. 

THE  NASAL  CAVITIES 

serve  three  chief  purposes.  First,  they  are  the  channels  through 
which,  under  ordinary  circumstances,  air  passes  into  the  lungs. 
Secondly,  they  minister  to  the  sense  of  smell.  Thirdly,  they  give 
tone  and  falness  to  the  voice.  A  certain  portion  of  them  is,  more 
particularly,  devoted  to  each  of  these  functions. 


1  In  most  camivora  the  palate-bone  extends  as  far  forwards  as  the  lachrymal  bone. 
The  latter  is  also  much  more  largely  developed  in  them  and  some  other  animals  than 
in  man.  In  many  of  the  rodentia,  however,  the  palate-bone  does  not  enter  into  the 
formation  of  the  orbit  at  all. 

2  Medico- Chirurgical  Transactions,  xxvi.  p.  353. 


214  THE   SKULL. 

res  irato  '^^^®  P^^*^  beneath  the  middle  spongy  bone  of  each 

tract.  nostril,  that  is  the  two  inferior  meatus  narimn,  lies  in  a 

direct  line  between  the  anterior  and  posterior  openings  of  the  nos- 
tril, and  forms  the  channel  for  the  passage  of  air  to  and  from  the 
Imigs.  It  is  open  in  its  whole  length;  and,  the  floor  of  the  nostril 
being  smooth,  there  is  nothing  to  obstruct  the  current  of  air  here, 
except  when  the  soft  palate  is  placed  in  contact  with  the  hinder 
surface  of  the  pharynx  during  the  act  of  swallowing.  These  two 
lower  meatus  are  lined  by  a  vascular,  highly  sensitive,  mucous 
membrane,  interwoven  with  the  periosteal  tissue ;  but  it  appears 
that  the  olfactory  nerves  reach  them  in  very  scanty  numbers,  if 
they  do  so  at  all.  Accordingly,  the  sense  of  smell,  though  not 
entirely  absent,  is  not  present  in  this — the  respiratory — tract  of  the 


DESCRIPTION  OF  PLATE  XIII. 

Fig.  I.  Double  cleft  palate  from  a  man.  A,  the  vomei-  descending  obliquely 
do^vnwards  and  forwards  from  {B)  the  sphenoid  bone.  It  does  not  reach  the  level  of 
(Cand  D)  the  palatine  processes  of  the  palate  and  maxillary  bones  till  near  the  alveoli; 
consequently  the  cleft,  though  double  in  front,  is  single  behind.  S,  the  intermaxillary 
bones,  consisting  of  mere  strips  of  bone  united  to  one  another  in  the  median  line  and 
to  the  vomer  behind  by  sutures.  They  project  in  front  of  the  line  of  the  alveoli  and 
carried  a  piece  of  lip  on  their  anterior  extremity  which  was  near  the  tip  of  the  nose,  but 
no  teeth.  The  nasal  bones  (FF)  are  seen  through  the  fissures  on  the  sides  of  the  inter- 
maxillary bones,  i,  place  for  the  third  molar  tooth,  which  has  not  appeared; 
■2,  second  molar ;  3,  socket  for  first  molar ;  4  and  5,  bicuspides ;  6,  canine ;  7,  a 
supernumerary  canine  tooth,  of  cylindrical  shape,  which  stands  at  the  fore  part  of  the 
maxillary  alveoli.  On  the  opposite  side  there  is  a  socket  (8)  which  was  occupied  by  a 
similar  tooth ;  there  is  also  (9)  a  milk-tooth  remaining  between  the  anterior  bicuspid 
and  the  canine.  The  free  margins  of  the  palatine  processes  are  thin,  notched  and  curled 
a  little  downwards. 

Fig.  2.  Side  view  of  nasal  fossse.  A,  cut  surface  of  basilar  process  of  occipital 
bone;  B,  posterior  clinoid  process;  C,  anterior  do. ;  Z>,  sphenoidal  sinus  of  right  side; 
E,  do.  of  left  side,  with  partition  projecting  into  it — a  bristle  runs  from  this  sinus 
through  the  opening  into  the  upper  meatus  narium ;  F,  ridge  of  eethmoid ;  G,  cribri- 
form plate  of  do.  with  grooves  descending  from  it  to  IT,  the  upper,  and  I,  the  middle 
spongy  bone ;  K,  the  suture  between  the  sethmoid  and  frontal ;  L,  the  suture  between 
the  nasal  and  the  frontal — the  bristle  is  passed  through  the  passage  from  the  frontal 
sinus  into  the  middle  meatus  narium;  M,  lachrymal  bone;  N,  unciform  process  of 
eethmoid;  0,  inferior  spongy  bone,  with  opening  into  antrum  above  it;  P,  inter- 
maxillary bone ;  Q,  sutural  line  between  it  and  maxilla ;  i2,  suture  between  palatine 
processes  of  palate  and  maxillary  bones;  S,  do.  between  palate  and  internal  pterygoid 
portion  of  sphenoid ;  T,  spheno-palatine  hole. 


FlQ.     1. 


Plate-  Xm. 


Firj.    2. 
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nostril.  In  any  very  acute  degree.  The  inferior  spongy  bone  hangs 
curling  into  it,  so  disposed  that  the  current  of  air  passes  along  both 
its  inner  and  its  outer  surface. 

The    spongy  bones   present  a  remarkably  uneven, 

How  kept  moist.    ,  „     ,         ^  ,     ,  ,     . 

channelled  appearance  ;  and  the  grooves  upon  then-  sur- 
faces indicate  the  contact  of  the  large  vessels  that  ramify  in  their 
mucous  covering.  These  vessels  consist  of  dilated  channels,  inter- 
mediate between  the  arteries  and  the  veins ;  they  are  circumstanced 
somewhat  like  the  vessels  of  the  malpighian  corpuscles  of  the  kid- 
neys, and  like  those  of  the  tufts  of  the  choroid  plexuses  of  the  cere- 
bral ventiicles;  and  they  appear  to  serve  a  similar  purpose  with  them. 
They  afford,  namely,  a  facility  for  the  more  watery  constituents  of 
the  blood  to  ooze  through  their  walls  upon  the  sm-face  of  the  mem- 
brane In  which  they  lie,  which  has  the  effect  of  keeping  it  moist. 
Were  it  not  for  some  provision  of  this  kind,  the  interior  of  the  nos- 
trils would  be  dried  by  the  continual  passage  of  air  through  them, 
and  would  be  unfit  to  minister  to  the  ordinary  sensations  of  the  part, 
as  well  as  to  that  perfection  of  the  sense  of  smell  which  is  possessed 
by  it.  This  arrangement,  it  should  be  said,  is  not  confined  to  the 
lower  regions  of  the  nostrils,  for  the  same  exists  higher  up,  where 
the  olfactory  properties  are  most  developed.  So  effectual  is  this 
provision,  that,  in  the  healthy  condition  of  the  membrane,  respira- 
tion through  the  nostrils  may  be  continued  for  hours  without  any 
inconvenient  dryness  being  perceived ;  which  Is  not  quite  the  case 
with  regard  to  the  mouth,  as  will  be  testified  by  persons  who  are  in 
the  habit  of  sleeping  with  the  mouth  open.  When  they  awake  the 
mucous  membrane  of  the  mouth  is  dry,  causing  discomfort  and  an 
inability  to  taste,  or  even  to  articulate  properly,  till  the  secretions 
are  restored  and  the  mouth  is  again  moistened  by  a  flow  of  saliva 
and  mucus.  Moreover,  the  air,  becoming  moistened  In  the  nostrils 
and  in  the  rest  of  the  respiratory  tract,  is  more  fitted  to  perform  its 
part  In  the  work  of  respiration.  The  great  Importance  of  the  secre- 
tion of  these  membranes  in  Imparting  moisture  to  the  respired  air 
is  shown  by  certain  diseases  accompanied  with  fever,  in  which 
their  secretion  is  more  or  less  suspended ;  the  quick  breathing,  the 
llvidlty  of  face  notwithstanding  the  acceleration  of  the  respiration, 
and  the  liabllitv  to  inflammation  of  the  lungs,  which  are  attendants 
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on  siicli  condition,  being,  in  all  probability,  due,  in  part  at  least,  to 
the  dry  state  of  the  respiratory  tracts.  The  drainage  of  the  tears 
also,  taking  place  through  the  lachrymal  duct,  which  opens  near  the 
fore  part  of  the  inferior  meatus,  where  the  flow  is  directed  by  the 
shape  of  the  bones  backwards  along  the  floor  of  the  nostrils,  con- 
tributes to  keep  this  part  moist. 

ThedOated  ^  further  purpose  served  by  the  dilated,  tortuous, 

vIiTC  to^cTrebrai  clelicatc  character  of  the  vessels  distributed  in  the  loose 
circulation.  and  Comparatively  unsupported  membrane  which  covers 
the  overhanging  spongy  bones  is,  that  they  serve  as  a  sort  of 
safety-valve  to  the  circulating  system ;  they  give  way  more  readily 
than  any  other  vessels  when  that  system  is  surcharged  with 
blood,  and,  allowing  a  certain  quantity  to  escape,  restore  a  proper 
balance,  and  so  prevent  an  eruption  in  other  parts  where  it  might 
be  more  serious.  In  an  especial  manner  do  they  minister  in  this 
way  to  the  brain,  placed,  as  they  are,  in  close  relation  to  it,  and 
having  a  direct  communication  with  its  longitudinal  sinus  through 
the  vein  which  traverses  the  foramen  coecum,  besides  their  various 
indirect  communications  with  vessels  passing  through  the  seth- 
moidal  holes  and  the  internal  orbital  foramina.  Supposing  the 
pressiure  of  the  blood  to  be  increased  in  an  equal  degree  in  the 
vessels  throughout  the  head,  either  by  hanging  the  head  down, 
by  obstruction  to  the  venous  trunks,  or,  which  amounts  to  the 
same  thing,  by  the  rarefaction  and  diminished  pressm'e  of  the  air, 
such  as  is  experienced  by  travellers  in  ascending  mountains,  we 
should  infer  that  the  dilated,  unsupported  vessels  of  the  schnei- 
derian  membrane,  lying  upon  these  projecting  spongy  bones, 
would  give  way  in  preference  to  the  vessels  of  the  brain,  which 
derive  a  uniform  support  from  the  natm'c  of  the  material  by  which 
they  are  surrounded  and  the  closed  cavities  in  which  they  are  con- 
tained. And  this  is  the  case;  blood  being  found  to  flow  from  the 
nose  under  these  and  other  circumstances  of  the  like  kind.  Many 
an  attack  of  congestion  of  the  brain  and  apoplexy  has  been  warded 
off  by  a  nose-bleeding.  Indeed  it  is  probably  owing  to  this  safety- 
valve  afforded  by  the  nose,  and  to  the  peculiar  conditions  in  which 
the  vessels  of  the  brain  are  placed,  that  they  rarely  give  way 
unless  they  have  become  diseased. 
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Foreign  bodies  '^^^®  ^pongj  l^oiies  projecting  into  the  nostrils  assist, 
arrested.  jj^   some    degree,   to   arrest   the  progress   towards    the 

lar}aix  of  foreign  bodies  that  may  be  floating  in  the  air;  hut  in 
this  office  they  are  quite  secondary  to  the  hairs,  which  guard 
the  external  orifice  so  effectually  that  only  very  minute  bodies 
find  an  entrance  at  all.  Every  now  and  then,  as  we  walk  along 
with  the  mouth  open,  a  fly  is  carried  into  the  larynx  and  excites  a 
"vdolent  and  irresistible  fit  of  coughing;  but  this  rarely  happens  if 
the  mouth  be  closed.  Of  those  bodies  which  do  succeed  in  passing 
the  capillary  guardians  of  the  nostrils,  some,  if  in  a  very  sub- 
divided form,  and  inhaled  incautiously,  are  can'ied  into  the  larynx. 
Thus  a  pinch  of  fine  snuff"  generally  causes  the  uninitiated  to  cough. 
AYhen  the  taker  has  learnt  more  caution,  or  has  acquired  by  prac- 
tice a  better  mode  of  inhaling,  he  contrives  to  direct  the  current 
towards  the  upper  part  of  the  nostril,  where  the  fine  particles  are 
caught  upon  the  moist  membrane  which  is  disposed  over  the  irre- 
gularly-shaped walls  of  the  passage,  and  where  they  excite  the 
desired  sensation  by  their  contact  with  the  schneiderian  mucous 
tissue,  instead  of  causing  annoyance  by  being  wafted  into  the 
larvnx. 

The  blood  circu-  Li  its  passagc  tlirough  the  nostrils,  the  air  not  only 
latiDginthe      absti'acts   moisture   from  the   blood,    it   has  the  efi'ect 

nostrils  osy-  ' 

genated.  of  purifying  and  decarbonizing  that   fluid   circulating 

in  the  vessels  of  the  schneiderian  membrane  in  some  slight 
degree.  So  that  the  nostrils  may  be  regarded  as  constituting  an 
extension  of  the  respiratory  ti-act  on  this  accoimt,  as  well  as  from 
their  affording  channels  for  the  passage  of  air  to  and  from  the 
lungs. 

A  section  of  the  skull  shows  that  the  bone  formina; 

Floor  of  the  _  _  ° 

nostrils  sloped  the  scptum  between  the  nose  and  the  mouth  is  thick  at 
secretions  back-  the  fore  part,  wlicrc  it  consists  of  the  alveolar  portions  of 
wards.  ^i^g  intermaxillary  bones,  and  that  it  gradually  decreases 

in  thickness  from  this  point  to  its  hinder  palatine  margin.  The 
slope  thus  given  to  the  floor  of  the  nostrils,  considerably  increased 
by  the  integumental  and  other  structures  which  clothe  the  anterior 
openings,  facilitates  the  passage  of  mucous  and  other  secretions  in 
a  backward  direction,  so  that  they  flow  over  the  soft  palate  into  the 
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pharynx  instead  of  streaming  upon  the  face.  Thus  the  shape  of 
the  bones  at  this  part  aids  the  cilise  of  the  epithelial  coat  of  the 
nostrils  in  directing  the  passage  of  the  mucus  in  the  most  con- 
venient and  agreeable  manner.  These  cilige,  which  are  found  upon 
the  whole  of  the  mucous  membrane  of  the  nose,  including  its  sup- 
plemental cavities,  with  the  exception  of  a  small  space  near  the 
external  orifice,  are  probably  the  chief  agents  in  conducting  the 
secretions  of  the  membrane  in  the  requisite  direction ;  and  in  some 
places,  as  the  maxillary  sinuses,  they  would  seem  to  be  the  only 
powers  concerned  in  the  process. 

The  olfactory  ^^^^  Superior  and  middle  sjDongy  bones  and  the  con- 

tract, tiguous  laminae  of  the  sethmoid  are  the  parts  upon  the 

mucous  covering  of  which  the  olfactory  nerves  are  chiefly  distributed. 
The  more  delicate  impressions  of  smell  may  be  perceived  to  take 
place  in  this  region  of  the  nostril,  which  is  so  placed,  above  the  line 
between  the  anterior  and  posterior  openings  of  the  nose,  that  in 
ordinary  easy  breathing  not  much  air  enters  into  it,  and  no  acute 
sensations  of  smell  are  excited.  The  perception  of  odours  aroused 
by  the  air  in  its  passage  through  the  lower  meatus  of  the  nose  is 
sufficient  to  warn  us  against  noxious  effluvia,  &c.  but  is  not  of 
that  finer  quality  which  results  from  the  impressions  made  in  the 
higher  part  of  the  nostrils.  Accordingly,  when  we  desire  to  bring 
the  sense  of  smell  more  particularly  into  operation,  we  contrive  to 
direct  the  current  into  the  upper  part  of  the  nostrils  by  increasing 
the  blast  through  them.  This  we  do  in  two  ways.  First,  by  a 
succession  of  sharp,  short  inspirations.  Secondly,  by  compressing 
and  modifying  the  shape  of  the  external  orifices  of  the  nose.  A 
similar  effect  is  produced  by  placing  any  foreign  body  in  front 
of  the  nose,  which  partially  obstructs  the  entrance  of  the  air, 
and  which,  interfering  with  the  slow  regular  current  through 
the  lower  part  of  the  nostrils,  causes  more  blasts  and  more  eddies 
and  currents  through  the  various  upper  chambers  of  those  cavi- 
ties. Thus  we  are  often  first  conscious  of  an  odour  in  the  air 
when  we  place  a  handkerchief  over  the  face  for  the  purpose  of 
blowing  the  nose.  It  has  been  found  by  experiment  that  the  in- 
sertion of  a  tube  into  the  nostril  interferes  very  much  with  the 
sense  of  smell.     Doubtless  it  does  so,  in  great  measure  at  least, 
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Ibecaiise  it  destroys  the  power  we  possess,  through  the  medium  of  a 
flexible  and  muscuhir  external  oriiice,  of  regidating  the  blasts  and 
directing  the  cm-rents  of  air  into  the  upper  chambers  of  the  nose. 
So  that  these  nasal  cartilages  and  the  muscles  connected  with  them 
perform  for  the  organ  of  smell  an  office  somewhat  similar  to  that 
which  the  iris  performs  for  the  eye  and  the  muscles  of  the  mem- 
brana  tympani  for  the  ear. 

Sense  of  smell  It  is  w^ortliy  of  remark  that  the  sense  of  smell  is 

expk'atOTv\''^ir-  ^^cited  in  a  comparatively  very  slight  degree  during 
rent  of  air.  expiratioii,  although  the  same  air  which  had  just  entered 
by  the  nostrils,  and  had  reached  probably  no  fm-ther  than  the 
ti'achea,  is  immediately  returned  through  them.  This  want  of 
appreciation  of  returning  odours  may  result,  either  from  the  shape 
of  the  nostrils  and  their  respective  orifices  being  so  arranged  as 
not  to  direct  the  expiratory  current  into  the  upper  chambers  of 
the  nostril ;  or  from  an  entire  absence  of  any  means  of  regulating 
the  blast  at  the  posterior  openings ;  or  from  some  particular  mode 
of  arrangement  and  disposition  of  the  nerves  ;  or  from  two,  or  more, 
of  these  causes  combined. 

Judo-ing  from  my  o"\^^l  sensations,  I  should  say  that 

Part  in  which  ?  .      .  .  . 

smell  is  most  tlic  part  of  the  iiostril  in  which  the  sense  of  smell  is 
most  acute  corresponds  with  the  anterior  portion  of  the 
middle  spongy  bone.  This  accords  with  the  facts  that  the  olfactory 
nerves  have  there  broken  up  into  their  finest  subdivisions,  and  that 
the  membrane  which  covers  that  bone  is  very  vascular.  It  will  be 
seen  also  that  the  inferior  surface  of  the  middle  spongy  bone,  the 
part  of  it,  namely,  which  hangs  lowest  in  the  nostril,  is,  in  front, 
flattened  out  so  as  to  increase  the  sm-face  exposed  to  the  current  of 
air,  and  is  much  marked  by  grooves  and  holes.  This  part  is  often 
greatly  developed  in  monkeys.  Its  situation  in  man  is  better 
adapted  to  the  purpose  of  ministering  to  the  sense  of  smell 
than  any  other  part  of  the  nostril,  being  just  above  the  direct 
line  of  the  ordinary  cmnrent  of  air  to  and  fi'om  the  lungs,  yet  so 
near  to  it  that  a  very  slight  effort  is  required  to  direct  the  blast 
upon  the  bone.  The  disposition  of  this  bone  may  also  assist  in 
farther  explaining  the  circumstance  just  now  referred  to  that  the 
sense  of  smell  is  excited  very  imperfectly  or  not  at  all  by  the  expired 
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air ;  for  its  lower  edge  is  slanted  from  behind  forwards  and  up- 
wards ;  so  that  its  hinder  bulbous  portion,  hanging  the  lowest, 
must,  to  a  very  considerable  extent,  shelter  the  fore  part,  where  the 
olfactory  sense  is  most  acute,  from  the  expiratory  current.  The 
lower  spongy  bone  presents  the  same  shape  and  obliquity,  though 
in  a  less  marked  manner.  I  need  scarcely  say  that  this  provision 
for  protecting  the  fore  parts  of  the  bones  from  the  expiratory  cur- 
rent will  have  a  corresponding  effect  in  exposing  them  to  the  air 
as  it  passes  in  the  opposite  direction. 

The  further  office  which  the  nose  performs,  namely, 

The  vocal  tract,     t  n  -i-  ^  t    ^      •  f      i 

that  01  contributmg  to  the  proper  modulation  of  the 
voice,  depends  in  great  measure  upon  the  various  cavities  and 
sinuses  contiguous  to  the  nasal  fossee.  It  is  of  less  importance  than 
the  other  functions  to  which  the  organ  is  subservient :  and  it  is 
not  strictly  correct  to  say  that  any  part  is  especially  assigned  to 
this  work ;  for  though  all  the  meatus  and  cavities  of  the  nose 
combine  to  give  the  desired  tone  to  the  voice,  none  are  constituted 
primarily  for  that  purpose,  there  being  an  evidently  more  useful 
intention  fulfilled  by  the  formation  of  each.  Thus  the  lower  part 
of  the  nostrils — the  region  of  the  inferior  spongy  bone — ministers 
primarily  to  the  function  of  respiration,  as  the  higher  part — the 
region  of  the  middle  spongy  bone — does  to  the  sense  of  smell ;  and 
the  supplemental  cavities — the  maxillary,  frontal,  sphenoidal,  and 
the  sethmoidal  sinuses — are  manifestly  excavated  for  the  chief  pur- 
pose of  diminishing  the  weight  of  the  fore  part  of  the  skull. 
Use  of  the  con-  Thcsc  facial  or  nasal  sinuses  are  filled  with  air, 
tiguous  sinuses,  "bgcause  their  situation,  in  close  proximity  to  the  nasal 
fossas,  affords  a  convenient  means  of  supplying  them  with  air, 
which  is  lighter  than  oil,  and  because  the  air  contained  in  them 
contributes  to  the  modulation  of  the  voice.  It  is  clear  that  they 
can  have  no  particular  influence  upon  either  respiration  or  the  sense 
of  the  smell,  because  they  are  removed  from  the  respiratory  cur- 
rent, and  because  the  olfactory  nerves  do  not  reach  them ;  neither 
are  they  supplied  with  very  acute  sensation  of  any  kind.  The  ori- 
fices by  which  they  communicate  with  the  nasal  fossae,  though  of 
moderate  size  in  the  dry  bones,  are  so  much  diminished  by  the 
mucous  membrane  they  transmit,  that  they  are  only  large  enough 
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to  permit  air  to  pass  to  and  fro  for  the  purposes  of  ventilation. 
These  sinuses  are  not  found,  or  are  very  diminutive,  in  the  lower 
animals,  many  of  which  breathe  entirely  by  the  nostrils,  and  their 
sense  of  smell  is  generally  more  acute  than  in  man.  It  has  been 
supposed  that  the  sinuses  minister  to  the  sense  of  smell,  because 
they  attain  their  maximum  size  after  childhood,  when  the  powers 
of  distinguishing  odours  is  also  becoming  more  acute.  It  should 
rather  be  said,  that  their  development  is  contemporaneous  with  the 
downward  gro'^'th  of  the  facial  bones.  In  proportion  as  this  goes 
on,  and  the  vertical  distance  between  the  alveoli  and  the  cranium 
is  increased,  so  are  the  sinuses  excavated  to  lessen  the  gradually 
preponderating  weight  in  this  part  of  the  skull,  and  to  maintain  a 
near  approach  to  equilibrium  between  the  regions  in  front  and 
those  behind  the  occipital  condyles.  This  vertical  direction  of  the 
face,  and  the  consequent  formation  of  the  sinuses,  have,  as  we  have 
akeady  seen,  relation  to  the  erect  posture  of  man ;  and  they  have 
relation  also  to  the  fact  that  the  jaws  are  confined  to  the  work  of 
mastication,  and  are  not  employed  as  prehensile  or  defensive  organs. 
For,  when  the  jaws  are  thrown  forwards  to  serve  the  latter  pur- 
poses, the  alveoli  of  the  superior  maxillary  bones  do  not  descend 
below  the  level  of  the  base  of  the  skull;  and  there  is,  accordingly, 
no  space  afforded  for  the  formation  of  the  sinuses.  In  those 
negroes,  whose  crania  approach  most  nearly  to  the  animal  type,  the 
sinuses  are  also  comparatively  small. 

Another  peculiarity  of  the  human  nose,  which  also 

Direction  of  the  .  . 

opening  of  nos-  has  relation  to  the  vertical  direction  of  the  face  and  the 
consequent  vertical  depth  of  the  nasal  cavities,  is  the 
position  of  the  anterior  opening  of  the  nostrils.  Instead  of  being 
carried  foru'ard  with  the  mouth,  and  looking  either  upwards  or 
straight  forwards,  or  forwards  and  outwards,  at  the  end  of  the 
snout,  they  are,  directed  downwards  and  overhang  the  mouth. 
The  bridge  of  '^^^^  elevation  of  the  bridge  of  the  nose,  which  forms 

the  nose.  gQ  important  a  feature  in  the  human  face,  results  from 

the  oblique  direction  of  the  nasal  bones,  and  from  their  inner  or 
apposed  edges  being  elevated  beyond  the  level  of  their  outer  or 
maxillary  margins.  The  projection  of  the  nose  forwards  is  caused, 
in  part,  by  the  angle  of  junction  of  the  nasal  with  the  frontal 
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bones,  and  in  part  by  the  antero-posterior  curvature  of  tlie  nasal 
bones  in  the  course  of  their  length.  Both  the  prominence  of  the 
bridge  and  the  forward  direction  of  the  extremity  of  the  nasal 
bones,  as  well  as  the  downward  direction  of  the  external  orifices  of 
the  nostrils,  are  designed  to  increase  the  space  in  the  upper  cham- 
bers of  the  nose,  and  to  assist  in  giving  an  upward  direction  to  the 
cm'rent  of  air  into  those  chambers.  In  the  lower  animals,  where 
the  antero-posterior  diameter  of  the  nose  is  increased  at  the  expense 
of  the  vertical  diameter,  no  such  arrangement  is  required.  The 
bridge  is,  in  consequence,  flattened,  and  the  nostrils  open  forwards, 
or  forwards  and  outwards. 

.,,  At  birth,  when  the  face  is  very  short,  the  nostrils 

Changes  with  '  J  ' 

growth.  a^i-e  little  more  than  mere  tubes  directed  from  before 

backwards ;  and  the  nose  is  flat  and  broad,  approaching  to  the  ani- 
mal type.  As  the  face  grows  downwards,  the  nose  becomes  elon- 
gated in  the  same  direction,  its  bridge  is  thrown  forwards,  and  it 
becomes  relatively  narrowed.  The  different  degrees  in  which  these 
changes  occm'  give  rise  in  part  to  the  varieties  of  shape  observed  in 
different  individuals.  They  take  place  in  a  less  marked  manner  in 
the  negro  and  Polynesian  than  in  the  European;  and  when  carried 
to  the  greatest  extent  they  give  rise  to  what  is  called  the  Koman 
nose.  The  larger  space  provided  to  the  nasal  cavities  by  them 
permits  the  more  perfect  development  of  the  organ  of  smell ;  and 
the  supplemental  nasal  cavities  are  at  the  same  time  formed.  The 
septum  often  does  not  preserve  a  true  vertical  direction,  being- 
inclined,  in  its  middle,  towards  one  of  the  maxillas.  This  is 
usually  associated  with  an  inordinate  growth  of  the  middle  spongy 
bone  which  lies  on  the  concave  side  of  the  septum ;  and  when 
mucous  polypi  are  formed  they  commonly  grow  on  this  side. 
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DISTINCTIVE   PECULIAEITIES. 


The  great  proportionate  size  of  the  cranial  to  the  facial  part  is 
the  grand  characteristic  of  the  human  skull ;  and  it  corresponds 
with   the   superior   power  which   man   possesses    of  appreciating 
external    impressions,  of  comparing  them,  and  drawing  inferences 
fi'om    them.     In    manj    of   the   lower   animals  the   capability  of 
receiA^ing  impressions   is   far  greater  than  in  man,  but  by  none 
is   the  power  of  turning  them   to    account,   that   is,   of  deriving 
information  from  them,  possessed  so  fully  as  by  him.     This  more 
than  compensates  for  any  inferiority  in  his  receptive  organs;  and 
it   is,  as  we   might  expect,  associated   with  a   greater   nicety  in 
the  perception  of  impressions,  though  these  perceptions  may  be 
less  strong  and  vivid :  just  as  his  volitional  control  over  the  move- 
ments of  his  limbs  is    more  direct  and  exact,  though  the  move- 
ments themselves  are  less  powerful  than  in  many  of  the  lower 
animals.     Thus   the    superiority    of   the   brain    much    more   than 
makes  amends  for  any  inferiority  of  the  sensational  and  muscular 
organs,  and  enables  man  to  maintain  the  dominion  over  the  brute 
creation.    ATe  must  not,  however,  allow  this  train  of  thought  to 
lead  us  to  the  idea  that  the  well-developed  physique  is  in  man 
not  compatible  with  a  well-developed  brain  and  with  a  powerful 
intelligence,    or   to  the   supposition  that  these  do   not   naturally 
co-exist.     Such  would  be  an  entire  mistake.     On  the  contrary,  we 
have  found  fi-om  an  examination  of  the  several  varieties  of  the 
human  species  (page  93),  that  a  high  order  of  intelligence  and  a 
well  formed  powerful  frame  usually  go  together;  and,  it  may  be 
added,  that  to  the  perfect  man  a  full-sized  face  and  well-developed 
limbs  are  almost  as  essential  as  an  ample  cranimn.     The  important 
point  is,  not  that  the  senses  should  be  deficient  in  acuteness  or 
the  muscles  in  power,  but  that  the  brain  should  be  vigorous  to 
collate  and  reflect  upon  the  impressions  derived  from  the  former, 
and  to  direct  with  precision  the  movements  to  be  executed  by 
the  latter.      The    accurate   observers   and   thoughtful   delineators 
of  the  limnan  frame  in  olden  times  were  w^ell  aware  of  this,  and 
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represented  their  sages,  as  well  as  tlieir  heroes,  with  fine  faces  and 
well-formed  limbs,  no  less  scrupulously  than  with  rising  foreheads, 
-r,.  ,.    ,.  I  have  several  times   had  occasion   to   remark   on 

JJistinctive 

peculiarities  of   certain  approximations  to  the  lower  animals  which  are 

human  and 

chimpanzee  presented  by  the  bones  of  some  members  of  the  human 
family.  Some  of  these  are  striking  and  interesting,  as 
softening  down  the  line  which  separates  man  from  other  animals. 
Still  they  do  so  in  a  slight  degree  only;  for  it  is  certain  that  the 
differences  between  the  skulls  of  the  several  races  of  men  bear  no 
comparison  with  those  which  exist  between  the  skull  of  the  lowest 
of  the  human  species  and  that  of  the  animal  which  approaches 
nearest  to  us.  A  mere  glance  at  the  two  is  enough  to  assure  one  of 
that.  It  is  impossible  for  a  moment  to  compare  the  skull  of  a 
negro,  or  even  that  of  an  idiot,  which  latter  will  be  found  to  exhi- 
bit generally  the  peculiarities  of  the  race  to  which  it  belongs,  with 
the  skull  of  the  chimpanzee  or  orang,  without  feeling  convinced 
that  they  must  appertain  to  entirely  different  species;  so  marked 
in  the  monkey  is  the  projection  of  the  muzzle,  the  preponderance  of 
the  facial  in  comparison  with  the  cranial  part  of  the  skull,  and  the 
position  of  the  latter,  not  above,  but  behind  the  face.  Professor 
Owen  has  pointed  out  several  other  distinctive  peculiarities  in  the 
chimpanzee,  such  as  1.  The  "diastema"  or  interval  between  the 
cuspidate  and  incisor  teeth  in  the  upper  jaw,  and  between  the  cus- 
pidati  and  bicuspides  in  the  lower  jaw.  2.  The  greater  size  of  the 
intermaxillary  bones,  indicated  by  the  distance  of  the  foramina 
incisiva  from  the  incisive  teeth,  and  their  remaining  distinct  from 
the  maxillary  bones.  3.  The  more  backward  position  and  oblique 
plane  of  the  occipital  foramen.  4.  The  smaller  proportionate  size 
of  the  occipital  condyles.  5.  The  larger  proportionate  size  of 
the  petrous  bones.  6.  The  greater  proportionate  development 
of  the  jaws  and  teeth,  particularly  the  cuspidati.  7.  The  flat- 
ness of  the  nasal  bone,  which  is  rarely  divided  in  the  mesial 
line.  8.  The  presence  of  the  ant-auditory  process  of  the  tem- 
poral bone,  and  the  absence  of  the  mastoid  and  styloid  processes. 
9.  The  absence  of  the  crista  galli.  In  the  orang  utan,  which  is 
a  grade  lower  than  the  chimpanzee,  though  the  sphenoid  joins 
the  parietal,  which  it  does  not  in  the  latter   animal,   there   are 
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two  anterior  condyloid,  and  tliree,  or  more,  infra-orbital  foramina; 
the  cranial  sutm-es  become  obliterated,  but  the  maxillo-intermax- 
illary  are  more  persistent;  the  jaws  are  proportionately  larger;  the 
sagittal  crest  is  more,  and  the  superciliary  ridges  are  less,  de- 
veloped. Its  facial  angle  ^  is  30°;  that  of  the  chimpanzee  is  35". 
It  may  be  observed  that  the  young  of  these  animals  approximate 
more  nearly  to  the  human  type  than  do  the  adult  specimens,  which 
results,  in  part,  from  the  fact  that  in  them,  as  well  as  in  the  child, 
the  brain,  and  consequently  the  brain-case,  is  of  large  proportionate 
size,  and,  doubtless,  for  the  same  reason  (page  94). 
infantue  era-  ^^^  somc  rcspects  the  skull  of  the  human  infant  pre- 

nium.  sents  a  nearer  resemblance  to  the  skull  of  the  lower  ani- 

mals than  does  that  of  the  more  advanced  child  or  the  adult :  such 
as  the  existence  of  the  frontal  sutm-e;  the  large  relative  size  of  the 
petrous  bone,  and  the  small  size  of  the  occipital  condyles ;  the  absence 
of  the  mastoid  and  styloid  processes;  the  small  size  or  absence  of 
the  frontal,  sphenoidal,  maxillary,  and  mastoid  cells;  the  shortness 
and  obliquity  of  the  pterygoid  processes  of  the  sphenoid,  and  the 
obtuseness  of  the  angle  of  the  lower  jaw.  These,  however,  are 
merely  to  be  ranked  among  the  many  indications  that  a  common 


^  The  facial  angle  is  formed  by  a  line — the  facial  line — drawn  from  the  most 
prominent  part  of  the  frontal  bone  so  as  to  intersect,  at  the  fore  part  of  the  face,  a 
horizontal  line  drawn  through  the  lower  part  of  the  nose  and  the  orifice  of  the  ear. 
Having  been  first  used  by  Camper  in  discriminating  the  diiference  of  faces,  it  is  called 
Camper's  angle.  (Camper's  Works,  by  Cogan,  1794,  pp.  33,  36.)  Camper  makes  the 
facial  angle  in  the  Xegro  70°,  in  the  European  80°.  He  says  the  Grecian  artists  chose 
100°,  the  best  Roman  artists  limiting  themselves  to  95".  If  it  exceed  100°  it  assumes 
the  appearance  of  hydrocephalus.  The  antique  adult  beauty  thus  represented  with  a 
facial  angle  of  100"  seems  an  "ideal  beauty"  not  existing  among  moderns,  and  probably 
not  among  the  ancient  Greeks  themselves,  for  they  have  never  given  such  a  form  when 
they  simply  aimed  at  dehneating  portraits.  In  a  child  of  a  year  old  Camper  makes 
the  facial  angle  95°  or  100°.  Cuvier,  Legojis  d'Anaiomie  Comparee,  gives  the  following 
measurements  of  the  facial  angle : 


European,  infant    . 

.         90° 

European,  adult 

.      ■  80° 

Negro,  adult 

•         70° 

Bosjesman,  female 

71° 

Orang-utan  (young) 

.         .         67° 

Orang-utan  (adult) 

.         40° 

Chimpanzee  (young) 

.         .         67° 

15 
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plan  has  been  adopted  in  the  construction  of  the  vertebrate  classes, 
and  that  the  different  species  are  made  to  depart  from  it,  by  modi- 
fication of  its  several  featm*es  dm-ing  development,  so  as  to  fit  the 
various  members  for  their  respective  positions  and  functions  in  the 
natural  world. 

„,  „     ,  On  the  peculiarities  of  the  skull  in  the  different  varieties 

Skulls  of  -t 

varieties  of        of  mankind,  I  do  not  profess  to  have  anything  new,  or  any 

mankind.  .    .  „  „,  rni  i  •  i  •       i 

opinions  of  my  own,  to  offer.  The  subject  has  received 
great  attention  at  the  hands  of  Blumenbach,  Tiedemann,  Retzius,  Van 
der  Hoeven,  Owen,  Pritchard,  Carpenter,  and  others,  so  that  I  have 
not  attempted  to  make  many  observations  for  myself  in  this  well-worked 
field,  and  am  content  to  draw  the  following  information,  often  in  the 
words  of  the  author,  from  an  excellent  article  by  the  last-named  writer 
on  the  "Varieties  of  Mankind"  in  the  Cyclopedia  of  Anatomy. 

An  examination  of  a  large  collection  of  skulls  enables  us  to  select 
three  typical  forms \  which  are — (1)  that  of  a  Negro  of  the  Guinea  Coast 
or  a  Negrito  of  Australia,  the  most  marked  feature  of  which  is  the 
projection  of  the  jaws;  hence  this  type  is  called  by  Dr  Pritchard  the 
prognathous :  (2)  that  of  a  Mongolian  or  Tungnsian  of  central  Asia, 
or  of  an  Esquimaux  or  Greenlander,  which  is  marked  by  the  breadth 
and  flatness  of  the  face;  this,  with  the  narrowness  of  the  forehead, 
gives  to  the  facial  aspect  somewhat  of  a  pyramidal  form,  which  is  the 
designation  applied  to  this  type  by  Dr  Pritchard :  and  (3)  that  of  a 
native  of  Western  or  Southern  Europe,  which  is  not  distinguished  by 
any  particular  feature,  so  much  as  by  the  absence  of  the  longitudinal 


DESCEIPTION  OF  PLATE  XIV. 

Copied  from  Cyclopedia  of  Anatomy  (Art.  "  Varieties  of  Mankind"). 

Figs.  I,  2,  3.  Prognathous  cranium  of  a  native  Australian  of  the  Western  Port 
tribe. 

Figs.  4,  5,  6.     Pyramidal  cranium  of  Mongolian  race. 

Figs.  7,  8,  9.  Elliptical  cranium  of  European. 


1  Dr  Monro  remarks :  "There  is  no  part  of  the  human  skeleton  which  is  more 
variable  in  its  shape  and  the  proportion  of  its  several  parts,  than  the  skull,  even 
amongst  the  inhabitants  of  the  same  nation."     Outlines  of  Anatomy,  i.  183. 


Tlate  :SN. 
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projection  of  tlie  first  type  or  the  lateral  projection  of  the  second,  and 
by  a  general  symmetry  of  tlie  whole  configuration,  which  has  given 
to  this  type  the  name  of  oval  or  elliptical. 

Prognathous  It  is  the  prominence  of  the  jaws,   as  seen  in  profile, 

^^'  that  gives  the  peculiar  ugliness  to  the  Negro  and  Austra- 

lian. In  both  jaws  the  alveolar  ridges  project  so  that  the  front  teeth 
meet  at  an  angle.  Moreover  there  is  an  appeai'ance  of  general  elon- 
gation of  the  cranium  from  back  to  front,  so  that  the  antero-posterior 
diameter  is  greater  in  proportion  to  the  latei^al  than  it  is  in  the  oval 
cranium;  being,  according  to  Van  der  Hoeven,  6.96  inches  to  5.11  inches; 
or  as  1.36  to  1.00:  whereas  the  average  length  of  the  European  skull 
is  7.04  inches  and  the  breadth  5.47,  or  as  1.30  to  1.00.  It  will  be 
observed  that  this  depends  rather  upon  the  relative  narrowness  than  the 
elongation  of  the  Negro  cranium ;  for  its  absolute  length  is  less  than  that 
of  the  European.  The  temporal  muscles  cover  a  large  surface,  and  rise 
high  upon  the  parietal  bones;  and  the  zygomatic  arch  has  a  large 
opening,  which  is  given  by  a  forward  rather  than  a  lateral  projection 
of  the  cheek-bones.  The  forehead  is  sometimes  high;  but  seldom 
or  never  broad  or  full.  When  due  allowance  is  made  for  the  pro- 
jection of  the  alveolar  pi'ocesses,  the  position  of  the  foramen  magnum 
has  been  shown  by  Dr  Pritchard  to  be  as  central  in  the  Negro  as  in  the 
other  races,  its  anterior  border  being  immediately  behind  the  transverse 
line  bisecting  the  antero-posterior  diameter  of  the  base  of  the  cranium. 
The  average  capacity  of  the  Negro  cranium  is  decidedly  less  than  that 
of  the  European.  On  the  other  hand,  the  facial  portion  is  not  only 
relatively  but  actually  larger.  The  nose  is  wider;  the  external  audi- 
tory meatus  is  remarkably  large ;  the  orbits,  though  sometimes  larger, 
are  sometimes  smaller  than  in  the  average  of  Europeans. 

The  prognathous  type,  although  most  remarkably  developed  among 
the  negroes  of  the  Delta  of  the  Niger,  is  by  no  means  confined  to  them 
nor  to  the  African  races  in  general.  It  is  met  with  among  the  inhabit- 
ants of  various  quarters  of  the  globe;  but  is  nearly  always  associated 
with  squalor  and  destitution,  ignorance  and  brutality,  the  people  among 
whom  it  prevails  being,  for  the  most  part,  inhabitants  of  low  marshy 
tracts,  with  precarious  means  of  subsistence. 

Pyramidal  The  outward  projection  of  the  zygomatic  arches  forms 

^^'  the  most  striking  feature  in  the  pyrajmidal  type  of  cranial 

conformation.  It  is  due  principally  to  the  peculiar  form  of  the  malar 
bones,  the  facial  surface  of  which  is  very  broad  and  flat,  but  partly  also 

15—2     . 
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to  the  large  rounded  sweep  of  the  zygomatic  process  of  the  temporal 
bone.  From  this  peculiarity,  in  conjunction  with  the  narrowness  of  the 
forehead,  it  results  that  lines  drawn  from  the  zygomatic  arches,  touching 
the  temples  on  either  side,  instead  of  being  parallel,  or  nearly  so,  as 
in  Europeans,  meet  at  no  great  distance  above  the  forehead,  and  form, 
with  a  line  joining  them  below,  a  triangular  figure.  The  upper  part 
of  the  face  being  remarkably  flat,  the  nose  also  being  flat  and  the  nasal 
bones,  as  well  as  the  space  between  the  eyebrows,  being  nearly  in  the 
same  plane  with  the  cheek-bones,  the  triangular  space  bounded  by  these 
lines  may  be  compared  to  one  of  the  faces  of  a  pyramid.  This,  how- 
ever, is  by  no  means  the  most  important  feature  of  the  type,  for  the 
antero-posterior  diameter  (according  to  the  average  of  sixteen  Laplanders' 
skulls  measured  by  Retzius)  is  only  6.90,  while  the  average  breadth  is 
5.78  inches.  The  orbits  are  deep  and  large;  and  the  conformation  of 
the  bones  which  surround  them  is  such  as  to  give  the  aperture  of  the 
lids  an  appearance  of  obliquity,  the  inner  angle  being  directed  down- 
wards.    The  lower  jaw  is  broad. 

The  greater  part  of  the  races  representing  the  pyramidal  type  in 
a  well-marked  manner  may  be  designated  as  pastoral  nomades. 
Ovaioreiiip-  The  ovol  Or  elliptical  type  has  the  length  of  the  Negro, 

ticaitype.  ^^,  more,  and  the  breadth  of  the  Mongolian.     It  is  particu- 

larly distinguished  by  the  lateral  fulness,  as  well  as  by  the  elevation, 
of  the  forehead;  the  breadth  continues  to  increase  above  the  orbits, 
and  the  cranial  vault  is  rounded  and  capacious;  whilst  in  the  other  two 
the  breadth  diminishes  rapidly,  especially  in  the  frontal  region,  from 
the  floor  of  the  orbits  upwards.  The  zygomatic  arches  do  not  project 
much  laterally,  nor  the  jaws  in  front.  The  front  teeth  are  fixed  neax'ly 
vertical.     The  cranial  cavity  is  of  large  size '. 

Modifications  Although  certain  specimens  present  the  above  character- 

of  types.  istics  in  a  well-marked  manner,  it  must  be  added  that  these 

typical  forms  are  softened  down  in  intermediate  gradations,  so  as  to 


^  The  length  of  the  skull  and  jaws  is  an  indication  of  the  degree  of  development  of 
the  posterior  cerebral  lobes  and  of  the  extent  to  which  they  overlap  the  cerebellum. 
This  being  a  main  distinction  between  man  and  the  mammalia  most  nearly  approach- 
ing him,  must  be  a  feature  of  great  importance  in  the  different  varieties  of  the  human 
species.  Professor  Eetzius  has  accordingly  made  the  length  of  the  skull  the  basis  of  his 
ethnological  classification,  and  arranges  the  different  varieties  of  mankind  in  two  great 
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present  a  continuous  series  from  one  type  to  anotter,  in  which  no  such 
hiatus  is  left  as  would  justify  the  assumption  of  the  specific  distinctness 
of  these  types.  Moreover  it  appears  that  very  great  modifications  are 
capable  of  being  produced  in  a  few  generations  by  external  causes,  such 
as  geographical  position,  habits  of  life,  ttc. ;  thus  it  is  found  that  when 
a  Negro  or  Mongolian  tribe  becomes  civilized,  and  inhabits  a  dry  culti- 
vated tract,  the  crania  of  its  members  begin  before  long  to  indicate 
symptoms  of  an  approximation  to  the  European  type. 

It  is  also  highly  probable  that  the  distinctive  features  of  the  several 
types  are  less  strongly  marked  in  the  foetal  than  in  adult  crania  of  the 
several  tribes.  I  do  not  know  that  this  has  been  made  a  matter  of 
observation;  but  it  is  a  reasonable  inference  from  what  has  been  said 
respecting  the  ajoproximative  features  of  the  young  crania  of  man  and 
of  the  lower  animals,  as  well  as  from  the  genei'al  fact,  that  distinctive 
peculiarities  are  in  great  measure  the  result  of  growth. 

The   peculiarities    of   the    skull    at    birth    may   be 

SkuU  at  birth.  .  . 

briefly  enumerated  as  follows,  its  relative  size  is  great. 
It  is  long  from  the  forehead  to  the  occiput  in  proportion  to  its 
breadth.  jSTevertheless,  it  is  broad  from  one  parietal  protuberance 
to  the  other  in  proportion  to  its  height,  the  measurement  from  the 
cro\\m  to  the  base  being  small.    The  facial  and  basilar  portions  arc 


classes:  the  lovg-Jieads,  or  those  whose  cerebral  lobes  completely  cover  the  cerebellum; 
thus  giving  an  anatomical  sanction  to  the  meaning  commonly  implied  in  the  term 
"long-headed;"  and  the  slioct -heads,  or  those  in  whom  the  cerebral  lobes  do  not 
extend  so  far.     He  subdivides  the  classes  as  follows : 

Class  I. — Dolicocephal>e. 
Ord.  I.   Ortliognathce.    Gauls,  Celts,  Britons,  Scots,  Germans,  Scandinavians. 
Ord.  2.  Prognathce.     Greenlanders,   various  North  and   South  American   Indian 
races,  such  as  the  Caribs,  Botoculi,  &c.  Negroes,  New  Hollanders. 

Class  II. — BRACHTCEPHALiE. 
Ord.  I.   Orthognathce.     Slavonians,  Finns,  and  other  Tschudisch  races,  Affghans, 

Persians,  Turks,  Lappes,  &c. 
Ord.    2.    Prognathce.     Tartars,    Kalmucks,    Mongols,    various    North   and    South 
American  races,  such  as  the  Incas,  Carruas,  &c.  Papoes. 
British  ojid  Fcrreign  Medical  Revieiv,  xviii. 

Mr  Ward  has  made  experiments  showing  that  in  the  Esquimaux,  Chinese,  African, 
and  Flat-head  Indian,  the  anterior  segment  of  the  cranium  is  less  capacious  than  the 
posterior;  whUe  in  the  German,  Hindoo,  and  Grecian,  these  proportions  are  reversed. 
Hurnan  Osteology,  p.  154. 
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of  small  size  in  comparison  with  the  remainder.  The  edges  of  the 
component  bones  are  only  just  in  contact,  the  sutures  having 
scarcely  hegun  to  be  formed.  The  only  part  in  which  any  indigi- 
tation  has  commenced  is  between  the  two  halves  of  the  frontal 
bone.  In  the  temporal  fossa  the  overlapping  of  the  parietal  by  the 
squamous  bone  has  not  commenced,  the  edges  of  the  two  being 
merely  in  apposition.  The  brain  is  covered  in  by  bone,  except  at 
the  fontanelles.  It  has  thus  acquired  a  case  of  bone;  but  that  case 
is  yielding  in  consequence  of  its  segments  not  having  grown  to- 
gether; and  its  interior  is  not  impressed  by  the  cerebral  convolu- 
tions, the  digital  depressions  not  appearing  till  after  the  bones  are 
united.  The  frontal  and  parietal  protuberances  are  strongly 
marked.  The  under  surface  of  the  skull  is  almost  flat;  the  several 
parts,  including  even  the  lower  jaw,  being  nearly  on  a  level  with 
the  base:  it  has,  however,  a  slight  convexity  in  a  transverse  direc- 
tion, which  gives  a  trifling  elevation  to  the  inner  sides  of  the 
glenoid  cavities.  In  the  course  of  growth  the  direction  of  this 
transverse  curve  is  reversed,  the  base  becomes  concave  instead  of 
convex;  the  jaws  also  gradually  descend  considerably  in  front,  and 
the  occiput  descends  a  little  behind  the  middle  point.  The  mem- 
brana  tympani  is,  at  birth,  attached  to  the  ring-like  tympanic  bone, 
and  is  placed  very  obliquely,  almost  horizontally.  This  obliquity 
diminishes,  but  remains  through  life  in  some  degree.  The  tym- 
panic bone  being  very  small,  and  the  styloid  and  vaginal  pro- 
cesses being  not  yet  formed,  there  is  not  much  protection  against 
dislocation  of  the  jaw  backwards  from  the  glenoid  cavity.  That 
cavity  presents  nearly  a  plane  surface,  being  very  little  excavated, 
and  the  ridge  which  traverses  its  fore  part  not  being  yet  deve- 
loped; its  long  axis  is  nearly  transverse.  The  pterygoid  processes 
of  the  sphenoid  bone  are  short  and  sloped  obliquely  outwards  and 
forwards;  hence  the  posterior  openings  of  the  nostrils  are  propor- 
tionately less  deep  and  rather  wider,  especially  at  the  lower  part, 
than  they  subsequently  are  when  these  processes  have  grown  longer, 
and  have  assumed  a  more  vertical  direction.  The  occipital  con- 
dyles are  scarcely  perceptible ;  and  their  articular  surfaces  are 
nearly  flat,  on  a  level  with  the  surrounding  parts,  and  of  small 
size.     In  consequence  of  the  face  and  base  of  the  skull  being  so 
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small,  the  condyles  are  placed  rather  in  front  of  the  line  of  gravity. 
The  child  accordingly  cannot  easily  maintain  an  equipoise;  and 
the  head  is  contiimally  falling  forwards  or  backwards,  or  to  one 
side.      Had  the  condyles  Leen  at  all  prominent,  the  difficulty  of 


DESCKIPTION  OF   PLATE  XV. 

Sections  of  Crania  from  New-horn  Child  and  from  Adult. 

Fig.  I.  Vertical  section  of  adult  cranium,  a  little  to  the  left  of  the  median  line, 
showing  the  septum  nasi,  the  linear  junction  of  middle  plate  of  the  jethmoid  (^4)  with 
the  sphenoid  {F)  and  with  the  vomer  {B).  The  upper  fi-ee  edge  of  the  latter  is  grooved 
for  the  reception  of  the  cartilage  of  the  septum  nasi.  0  the  projecting  rostrum  of 
sphenoid  received  into  a  retiring  angle  of  the  aethmoid.  D  is  the  ridge  rising  above 
line  of  union  of  palatine  portions  of  palate  and  maxillary  bones  of  either  side.  A  wavy 
linear  suture  unites  it  with  vomer.  E  the  suture  between  palatine  portion  of  maxil- 
lary bone  and  the  intermaxillary  bone  (A').  It  is  continued  above  into  the  suture 
between  intermaxillary  bone  and  vomer.  There  are  two  sphenoidal  sinuses,  of  which 
the  left  {F)  communicates  with  the  left  nasal  fossa  and  extends  across  the  middle 
line;  the  right  (G)  communicates  with  the  right  nasal  fossa  and  also  extends  across  the 
middle  line  behind  the  other.  Consequently  the  section  has  passed  through  both 
sinuses.  There  is  no  communication  between  the  two  sinuses.  H  the  crista  galli ;  in 
front  of  it  is  the  suture  between  the  sethmoid  and  the  frontal.  The  foramen  ccecum  is 
on  the  other  side  of  this  suture.  I  the  suture  between  the  middle  plate  of  the  aethmoid 
and  the  hinder  surface  of  the  nasal  bones.  L  suture  between  palate  and  maxillary 
bones.    M  the  anterior  palatine  foramen. 

Fig.  1.  Corresponding  section  at  birth,  showing  the  contrast  of  relative  proportions 
between  cranial  and  facial  parts  in  it  as  compared  with  fig.  i.  A,  B,  C,  D  are  sectiona 
respectively  of  basilar  portion  of  occipital  bone,  of  the  posterior  and  anterior  parts  of 
body  of  sphenoid,  and  of  the  vomer.  The  latter  is  situated  at  this  time  beneath  the, 
anterior  portion  of  the  sphenoid,  whereas  in  the  adult  (fig.  i)  it  is  beneath  the  hinder 
portion  of  that  bone,  and  is  directed  more  downward. 

Fig.  3.  Vertical  section  from  side  to  side  through  fore  part  of  skull,  just  behind 
margins  of  orbits  and  through  the  first  molar  tooth  on  either  side.  It  is  seen  from 
behind;  shows  the  shape  of  the  orbits,  the  antra  and  the  nasal  fossae.  The  section  is 
just  in  front  of  the  upper  spongy  bone,  so  that  the  two  lower  ones  only  are  seen ; 
above  the  point  from  which  the  inferior  one  {E)  hangs  is  the  opening  of  the  antrum  F. 
A  is  the  slit-like  inira-orbital  canal.  B  the  suture  between  the  frontal  and  the 
cribriform  plate  of  the  aethmoid.  C  ditto  between  the  frontal  and  os  planum  of  the 
Eethmoid ;  the  cerebral  and  orbital  laminae  of  the  frontal  bone  form  respectively  the 
upper  part  and  side  of  the  superior  ethmoidal  ceU.  The  edge  of  the  vomer  rests 
upon  the  palatine  process  of  one  maxijlary  bone  close  by  the  palatine  suture.  D  the 
cut  surface  of  the  malar  bone. 

Fig.  4.  Corresponding  section  at  birth,  showing  contrast  in  proportionate  size  of 
cranial  cavity,  orbits,  sockets  for  molar  teeth  {A),  and  antra  {B).  The  latter  are 
quite  diminutive  cavities  between  the  large  molar  sockets  and  the  inner  sides  of  the 
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maintaining  a  balance  would  have  been  still  greater.  The  various 
processes  and  ridges  are  not  developed.  The  orbits  are  compara- 
tively large;  their  lower  edges  are  more  prominent,  and  their  upper 
or  superciliary  edges  less  so  than  at  a  later  period;  their  roofs  are 
comparatively  flat,  and  their  floors  concave.  The  sinuses  of  the 
frontal  jethmoid,  sphenoid,  and  superior  maxillary  bones  are  not 
yet  developed.  The  facial  angle  is  from  90*^  to  100".  The  nasal 
bones  are  proportionately  short.  The  alveolar  processes  constitute 
the  chief  part  of  both  the  upper  and  the  lower  jaws,  the  antral 
portion  being  imperfectly  formed  in  the  one  and  the  inferior  por- 
tion in  the  other ;  they  appear  as  two  ridges  in  each  jaw,  which 
form  a  groove;  in  this  the  teeth  are  laid,  those  of  the  lower  jaw 
being  placed  almost  directly  beneath  those  of  the  upper.  In  the 
inferior  maxilla  the  angle  is  very  obtuse,  the  ramus  and  the  condy- 
loid portions  being  in  nearly  the  same  line ;  and  the  two  halves 
of  the  bone  are  united  by  a  suture  at  the  chin.  The  zygomatic 
foss£e  are  very  shallow,  corresponding  with  the  small  size  of  the 
temporal  muscle  and  the  imperfect  development  of  the  jaws. 

The  skull  of  the  female  is  rather  smaller,  thinner, 

Female  skull.  .  .      .  .  , 

and  lighter  than  that  of  the  male,  though  it  is  said  to 
be  rather  larger  in  proportion  to  the  rest  of  the  skeleton  (page  103) ; 
and  the  bones  of  the  face  are  small  in  proportion  to  those  of  the 
cranium;  the  alveolar  processes  of  the  jaws  are  smaller  and  more 
elliptical;  and  the  teeth  are  smaller  and  set  more  vertical:  the  frontal 
sinuses  are  less  developed:  the  superciliary  ridges  are  less  promi- 
nent; and  the  facial  angle  is  rather  wider. 

„,   „     „.,.  ^  The  skulls  of  idiots  contained  in  the  various  museums 

SkuUs  of  idiots 

remarkably        which  I  have  had  an  opportunity  of  seeing,  as  well  as  those 

uniform.  i  .    i  i    •       i        i  i     i  i  • 

which  are  represented  m  books,  present  a  remarkable  uni- 
formity in  size  and  characters,  so  as  to  form  a  distinct  class.     This  may 


orbits.     The  upper  spongy  bones,   whicb  are  of  large  proportionate  size,  have  been 
divided  in  the  section  and  are  seen. 

The  outline  of  the  orbit  differs  in  the  two  ages.  In  the  adult  the  upper  wall  is 
convex  towards  the  cranial  cavity,  and  the  lower  wall  next  the  antrum  is  flat.  At 
birth,  on  the  contrary,  the  upper  wall  is  flat,  and  the  lower  wall  is  convex  towards  the 
face.  That  is  to  say,  in  the  former  case  the  orbits  encroach  on  the  cranial  cavity,  and 
in  the  latter  on  the  face. 
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be  partly  owing  to  tlie  fact,  that  the  more  marked  specimens  only  have 
been  preserved  :  and  we  may  assume  that  a  collection  representing 
the  various  grades  of  idiotcy  would  include  specimens  approaching  in 
different  degrees  to  the  ordinary  human  cranium.  Such  a  collection 
however  I  have  not  seen. 

Peculiarities  of  The    skuU  of  the  idiot    presents   in  many  respects  an 

uUot  s  skuiL  approximation  to  the  skull  of  the  lower  animals,  especially 
that  of  the  ape,  in  the  following  particulars.  The  facial  bones  are  pro- 
portionately large.  The  brain-case  is  contracted  in  every  direction,  more 
particularly  in  front  and  above,  causing  lowness  and  narrowness  of  the 
forehead^,  but  also  behind  and  below;  the  space  behind  the  foramen  mag- 
num is  small,  and  the  bone  slopes  obliquely  upwards  from  it  to  the  occi- 
pital crest.  The  foramen  itself  partakes  somewhat  of  this  slant.  The 
occipital  condjdes  are  small  and  preternaturally  convex;  and  the  basilar 
portion  of  the  occipital  bone  ascends  with  unusual  obliquity  from  them. 
The  temporal  fosste  are  deep,  and  the  cranial  bones  forming  its  inner  wall 
are  flattened.  The  tempoi"al  ridge  is  well  marked  and  ascends  to  a 
comparatively  high  level ;  and  this,  together  with  the  flattening  of  the 
parietal  bones  and  the  prominence  of  theii*  sagittal  portion,  constitutes 
an  approximation  to  a  "sagittal  crest."  The  line  of  union  of  the  tem- 
poral with  the  parietal  bones  is  straighter  than  usual,  and  the  post- 
glen  oid  process  is  rather  more  marked.  The  frontal  bone  projects  far 
backwards  in  the  situation  of  the  anterior  fontanelle  between  the  parie- 
tals.  The  posterior  and  middle  cerebral  fossae  are  shallow.  The  orbital 
plates  of  the  frontal  bone  are  prominent  in  the  interior  of  the  skull, 
leaving  a  deep  furrow  between  them  for  the  cribriform  plate  of  the 
cethmoid,  which  is  an  approximation  to  the  anterior  or  nasal  fossa  of 
the  lower  animals.  The  foramen  magnum  and  the  other  foramina  for 
nerves  at  the  base  are  comparatively  large;  the  foramina  for  vessels,"  as 
well  as  the  grooves  for  the  sinuses,  are,  on  the  other  hand,  comparatively 
smalL  The  cranial  bones  are  generally  rather  thick  and  the  sutures 
early  obliterated;  the  bones  in  some  instances,  however,  are  thin. 

The  orbits  are  comparatively  large;  their  anterior  outlets  are  ob- 
lique, and  the  superciliary  ridges  are  prominent,  and  project  beyond  the 
general  width  of  the  cranium.  The  bones  of  the  face,  though  small  in 
comparison  with  those  of  the  well-formed  skull,  are  large  in  comparison 
with  those  of  the  cranium,  and  are  slanted  forward,  so  as  to  reduce  the 
facial  angle  as  low  as  50"  or  55".  The  nasal  septum  between  the  orbits  is 
narrow, -and  the  nasal  bones  are,  consequently,  much  arched  transversely. 
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The  chin  is  retiring;  and  the  angle  of  the  lower  jaw  is  rather  wide. 
The  skull  being  small  the  bones  of  the  neck  are  also  small. 

Nevertheless,  in  spite  of  these  pecnliaritieSj  no  anatomist,  as  has  been 
remarked  by  Professor  Owen',  would  hesitate  to  refer  the  cranium  of 
the  idiot  to  the  human  species,  retaining  as  it  does  the  more  important 
characteristic  features  of  the  latter  in  the  descent  of  the  cranial  cavity 
below  the  level  of  the  glenoid  articulatory  surfaces,  in  the  number  of 
the  nasal  bones,  the  construction  of  the  jaws,  the  position  and  direction 
of  the  teeth,  &c. 

It  is  interesting  to  observe  that  the  measurements  of  an  idiot's 
skeleton,  given  in  Tables  I.  and  lY.  pp.  106  and  108,  shew  the  upper 
extremities  to  be  rather  long.  In  other  respects  the  proportions  coin- 
cide nearly  with  those  of  the  average  European  standard. 


THE  OCCIPITAL  BONE 


The  condyles 


bears  tlie  whole  weight  of  tlie  skull,  and  transmits  it 

constructed  to  tlirough  tlie  coiidjles  to  the  spine.  The  line  of  gravity- 
bear  and  trans-    .  ..  •ii  t  it  j.x1 

mit  weight  of  m  the  erect  position,  with  the  eyes  directed  a  little 
headtospme.  ^^p^^^j.(^g^  fg^j^g  tlirough  the  foranicn  magnum  between 
the  fore  part  of  the  condyles;  and  the  skull,  with  its  soft  contents 
and  coverings,  when  placed  in  the  position  just  mentioned,  balances 
upon  the  junction  of  the  anterior  with  the  middle  third  of  the 
condyles'^. 

This  balancing  point  is  a  little  the  lowest  part  of  each  condyle, 
so* that  some  advantage  is  given  to  the  muscles  that  maintain  the 
head  erect.  The  articular  surfaces  of  the  two  condyles  are  so  shaped 
and  disposed  as  to  form  parts  of  one  globe  or  ball,  which  plays  in 
^he  articular  concavities  of  the  atlas  as  in  a  socket;  and  the  inner, 
or  opposed,  sides  of  the  condyles  afford  broad  rough  surfaces  for 
the  attachment  of  the  strong  odontoid  ligaments  which  bind  the 
occiput  to  the  axis.     From  either  condyle  pass  three  strong  ridges 


^  Zoological  Transactions,  i.  372. 

2  See  description  of  connection  of  head  with  spine  at  a  future  page.  ■ 
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or  processes  in  a  triradiate  manner.  One,  directed  forwards,  is 
united  with  that  of  tlie  opposite  side  to  form  the  anterior  margin 
of  the  foramen  magnmii,  and  is  imited  also  with  the  basilar  pro- 
cess, which  is  continued  forwards  and  n})wards  to  tlie  sphenoid.  A 
second,  passing  baclcAvards  and  inwards,  meets  the  corresponding 
process  of  the  opposite  side  in  the  thick  strong  ridge  that  ascends 
fi'om  the  hinder  part  of  the  foramen  magnum.  A  third,  the  Jugular 
or  transverse,  process,  passes  outwards  to  support  the  temporal  bone. 
Each  condyle  may,  therefore,  be  compared  to  a  tripod  resting  upon 
these  three  processes,  which  converge  to  it  so  as  to  enclose  three 
nearly  equal  angles  where  the  bone  is  thin,  and  which  transmit 
forces  to  and  from  the  condyle  in  three  diiferent  directions  in  a 
nearly  equal  manner;  thus  ensuring  the  combination  of  strength 
with  lightness.  The  slight  fossa  in  front  of  the  condyle,  and  the 
deeper  one  behind,  receive  the  projecting  extremities  of  the  articular 
surfaces  of  the  atlas,  and  each  contains  a  small  cushion  of  fat  to 
prevent  injury  to  the  bones  from  contact  with  one  another^. 

The  jugular  vrocesses  are  prolonged  downwards  in 

Jugular  and  '^'^  ^        .  .  .    . 

basUar  pro-  many  auimals,  especially  in  graminivora  and  pigs,  so  as 
to  form,  on  either  side,  a  strong  spike  which  might  easily 
be  mistaken  for  the  styloid  process.  This  seems  in  them  rather  to 
stand  instead  of  the  mastoid  process,  and  has  been  called  "  para- 
mastoid."  In  man  it  sometimes  grows  downwards  so  as  to  touch  the 
upper  sm-face  of  the  transverse  process  of  the  atlas,  and  is  articulated 
with  it^.  The  hasilar  portion  is  very  sti'ong  to  carry  the  sphenoid 
and  fore  part  of  the  skull,  and  is  slanted  a  little  upwards  so  as 
to  transmit  the  weight  in  the  most  favourable  manner  towards  the 
condyles.  It  is  composed  of  a  dense  thick  external  layer  enclosing 
a  cancellated  interior.     The  cells  of  the  latter  are  sometimes  very 


1  In  a  skull  preserved  in  the  Dupuytren  Museum  the  right  occipital  condyle  is,  in 
consequence  of  congenital  malformation,  placed  transversely,  so  as  to  project  half-way 
across  the  foramen,  yet  without  injuring  the  cord.  It  is  concave  in  its  long  axis  and 
slightly  convex  from  behind  forwards ;  the  articular  facet  of  the  atlas  was  doubtless 
adapted  to  it.  When  the  posterior  condyloid  foramen  is  absent,  the  vein  that  should 
be  transmitted  by  it  is  said  to  pass  through  the  foramen  magnum. 

2  Trans,  of  Pathological  Society,  ll.  93.  ITiere  is  a  specimen  of  the  kind  in  the 
Museum  at  Berlin. 
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large,  and  are  occasionally  continuous  with  and  fonn  an  exten- 
sion of  the  sphenoidal  sinuses,  in  which  case  they  are  lined  loj  a 
prolongation  of  the  schneiderian  membrane^. 

Foramen  ma"-  '^^^^  foramen   magnum   is    an    irregular    oval.      Its 

^^'^  margins,  of  great  strength,  are  formed  by  the  condyles, 

by  the  2)rocesses  diverging  forwards  and  backwards  from  them, 
and  by  the  basilar  portion.  Its  anterior  edge  is  bevelled  and 
smooth  where  the  medulla  oblongata  rests  upon  it.  Its  hinder 
edge  is  rough  to  give  attachment  to  a  thick  strong  process  or  band 
of  fibrous  tissue  that  descends  as  a  sheath  upon  the  dura  mater  of 
the  cord  and  becomes  blended  with  it.  The  fore  part  of  the  foramen 
is  the  narroAvest;  the  odontoid  process  of  the  axis  projects  up  to- 
wards this  part,  and  being  in  the  line  joining  the  balancing  points 
of  the  condyles,  is  situate  in  the  line  of  gravity  of  the  skull.  The 
hinder  part  of  the  foramen  is  wide  for  the  transmission  of  the  cord 
and  its  membranes,  and  for  the  lodgment  of  the  subarachnoid  fluid 
which  accumulates  in  the  pia  mater  at  this  region  and  protects  the 
cord  from  injury  during  the  movements  of  the  head.  The  foramen 
also  receives  a  sudden  increase  of  width  about  its  middle,  between 
the  hinder  parts  of  the  occipital  condyles,  where  the  vertebral  arte- 
ries enter  the  skull.  The  position  of  the  foramen,  so  forward  as  to 
be  near  the  middle  of  the  base  of  the  skull,  and  its  being  placed 
in  a  nearly  horizontal  plane,  are  characteristics  of  the  human 
cranium. 

It  is  occasionally  of  preternatural  size,  being  occupied  by  a  hernial 
protrusion  of  the  brain.  In  a  s^^ecimen  of  this  kind,  which  I  lately 
examined,  it  measured  fovir  inches  by  three;  in  another  it  was  nearly 
as  large.  The  importance  of  bearing  in  mind  the  liability  to  the  occur- 
rence of  hernia  cerebri  in  this  situation  is  illustrated  by  a  specimen 
in  the  Musee  Dupuytren,  in  the  account  of  which  it  is  stated  that  an 


^  Meckel,  Archiv,  I.,  once  foiuid  a  process  projecting  from  the  under  part  of  the 
basilar  portion,  presenting  some  analogy  to  the  single  articulating  facet  for  the  atlas, 
■which  is  situated  here  in  most  animals  below  mammals.  The  analogy  was  still  closer 
in  an  instance  described  by  Hyrtl  {Anatomie  des  Menschen,  s.  i8o),  in  which  such  a 
process  was  adapted  to  a  concavity  in  the  anterior  ring  of  the  atlas.  Occasionally  an 
exostosis-hke  growth  into  the  skull  takes  place  at  the  line  of  union  of  the  occipital 
with  the  body  of  the  sphenoid. 
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operation  was  commenced  under  the  supposition  that  the  tumour  was  of 
a  different  kind,  and  was  attended  with  ftital  results'. 

Expanded  por-  ^^^  ^^^6  well-formed  European  skull  the  expanded 
*'"°-  jportioii  of  the  occipital  bone  behind  the  foramen,  that 

is  to  say,  the  part  which  supports  the  lobes  of  the  cerebellum,  is 
continued  in  a  nearly  horizontal  plane  as  far  as  the  inferior  curved 
line.  In  some  instances  it  bulges  on  either  side  below  the  level  of 
the  foramen  magnum.  In  the  inferior  races,  in  the  young  child 
(PL  XV.  fig.  2),  and  in  the  idiot  (page  233),  it  is  more  oblique, 
slanting  upwards  and  backwards.  In  the  Negro  and  Mongolian 
the  external  spines  and  curved  lines  are  more  strongly  marked 
than  in  the  European,  in  consequence  of  the  greater  preponderance 
of  the  facial  part  of  the  skull  requiring  increased  strength  in  the 
muscles  which  are  attached  to  these  lines,  and  which  keep  the  head 
in  the  erect  postm'e.  The  great  strength  of  the  internal  ridges  and 
the  pui'poses  served  by  them  have  already  been  alluded  to  (page 
202).  These  ridges  of  the  occipital  bone  form  the  thickest  portion 
of  the  whole  calvarium,  and  the  parts  intervening  between  them 
are  the  thinnest^. 

Ki  birth  the  occipital  bone  consists  of  four  distinct 

Development.  .  -..,-...       ^ 

portions;  the  basilar,  which  lies  m  front  of  the  foramen 
magnum:  the  two  cojidi/loid  -poxts,  which  form  the  sides  and  back 
of  the  foramen;  and  the  exjjanded  portion  which  lies  behind  the 
foramen.  The  three  former  are  each  developed  from  a  single  nucleus 
formed  in  cartilage ;  that  for  the  basilar  portion  appears  a  little 
before  those  for  the  condyloid  parts,  soon  after  the  third  month. 
The    expanded    portion    is   formed    from   membrane;    ossification 


1  A  remarkably  small  foramen  magnum,  with  small  flattened  condyles,  and  one  of 
large  size,  -nith  large  prominent  condyles,  are  represented  in  Lobstein's  Anat.  Path. 
2te  Series,  PI.  n.  figs,  i,  i. 

2  In  other  mammals  this  portion  of  the  bone  is  more  flattened,  and  is  directed  more 
or  less  vertically  upwards  from  the  foramen  magnum.  In  many  it  is  quite  flat,  up- 
ric'ht,  and  expanded  at  the  upper  part  into  a  broad  strong  crest,  which  affords  attach- 
ment to  the  muscles  that  raise  the  head.  In  the  hog  tribe  this  crest  is  of  great  size.  In 
the  elephant  it  is  of  vast  thickness,  and,  like  the  other  cranial  bones,  is  hollowed  out 
into  cells  which  are  filled  with  air  and  communicate  with  the  frontal  sinuses  and  the 
mastoid  cells. 
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commencing  about  the  eighth  Aveek.  The  number  of  nuclei  in  it 
vary.  There  may  be  only  one  near  the  middle^;  or  there  may  be 
four,  two  above  and  two  below  the  curved  line.  When  there  are 
four  they  commence  where  the  respective  portions  of  the  bone  are 
thinnest,  and  become  united  at  or  before  the  fourth  month;  the 
upper  two  commonly  coalesce  first,  and  the  spines  and  ridges  are 
formed  along  the  lines  of  union. 

Tliey  do  not,  however,  always  unite.  Sometimes  the  upper,  or 
cerebral  segments,  remain  separate  from  one  another  and  from  the 
cerebellar  portions ;  or  they  may  be  united  to  one  another  and  separated 
from  the  lower  segment  by  a  transverse  suture^;  and  in  a  few  instances 
the  occipital  bone  has  been  found  to  terminate,  not  in  a  point  but  in  a 
broad  end,  the  lambdoidal  suture  being  replaced  by  a  wide  transverse 
suture.  In  one  skull  I  found  the  cerebral  segments  separated  by  a 
median  plate  running  upwards  to  the  parietals  from  the  cerebellar  por- 
tion. Some  of  these  anomalies  remind  us  of  the  "interparietal  bone," 
which,  in  carnivorous  and  some  other  animals,  occupies  the  angular 
interval  between  the  occipital  and  the  parietals.  In  them,  however,  the 
interparietal  bone  becomes  united  with  the  parietals  sooner  than  with 
the  occipital,  and  seems,  therefore,  rather  to  belong  to  the  former.  It  is 
evident  from  these  anomalies  and  from  the  conflictins;  observations  of 


^  Blandin,  Anato^nie,  I.,  in  all  the  instances  that  he  examined,  whatever  the  age 
of  the  foetus,  found  the  flat  portion  to  consist  of  one  piece,  the  ossification  of  which 
emanates,  he  believes,  from  a  central  nucleus  in  the  situation  of  the  occipital  protu- 
berance. Meckel,  ArcMv,  i.  6i6,  and  Hanclhucli  der  Anatomie,  ii.  loo,  states  that 
the  bone  is  developed  from  eleven  centres,  of  which  four  pairs  form  the  expanded  part. 
The  first  of  these  appears  immediately  behind  the  foramen  magnum,  on  either  side  of 
the  middle  line,  at  about  the  loth  week.  They  soon  unite  together  and  are  followed, 
after  the  middle  of  the  third  month,  by  a  second  pair  situated  further  backwards  and 
more  laterally,  which  are  joined  to  one  another  and  to  the  first  pair  in  the  fourth 
month.  A  third  and  fourth  pair  appear  in  succession,  after  short  intervals,  one  above 
another.  In  one  foetus  I  found  a  separate  ossific  centre  for  the  thick  triangular  piece 
of  bone  that  bounds  the  hinder  part  of  the  foramen  magnum,  and  have  noticed  traces  of 
the  independent  formation  of  the  same  in  other  instances.  In  some  it  is  formed  by 
a  process  from  the  expanded  portion  of  the  bone  growing  downwards  between  the 
extremities  of  the  condyloid  portions. 

2  Dr  de  Tschudi,  Edinburgh  Philosopliical  Journal,  xxxvn.  252,  found  this  con- 
formation common  in  the  skull  of  the  a:icient  Peruvians,  who  were  distinguished  by  a 
flattened  occiput.  It  exists  in  a  skull  taken  from  a  Romano-British  burial-ground, 
which  is  preserved  in  the  Cambridge  Museum.  Tiedemann,  Zeitschrift  fur  Physio- 
loc/ie,  III.  gives  representations  of  these  and  other  varieties  in  the  occipital  bone. 
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various  anatomists,  tliat  the  ossification  of  this  part  of  the  human  skull 
is  not  conducted  in  a  very  uniform  manner.  Moreover,  independent 
nuclei  of  "wormian  bones"  are  often  found  in  the  lambdoidal  sutu.re 
after  birth. 

The  condyloid  and  expanded  portions  unite  together  about  the 
fourth  year;  and  the  former  are  joined  to  the  Ibasihir  about  the  fifth 
year.     The  four  pieces  remain  separate  in  reptiles. 

Tliis   bone,   so  important  from  its  connection  with  the 
Diseases.  •   i         tp  i   <• 

parts  of  the  nervous  centres  most  essential  to  hie,  and  from 

its  bearing  the  whole  weight  of  the  head,  is  very  rarely  the  seat  of 
disease.  There  is  an  example  of  caries  of  the  basilar  portion  in  the 
College  of  Surgeons ;  with  the  exception  of  which,  of  an  occasional  exos- 
tosis on  the  basilar  and  expanded  portions  \  and  the  changes  in  the  con- 
dyles which  are  associated  with  ankylosis  of  the  occipito-atlantal  joint,  I 
have  not  met  with  any  instances  of  disease  in  the  occij)ital  bone.  Dr 
Elsaesser,  who  has  written  a  treatise  on  the  "soft  occiput,"  regards  this 
bone  as  pecuKarly  Kable  to  softening  and  other  alterations  in  rickety 
childi'en,  in  consequence  of  the  head  resting  so  much  upon  it  in  infancy^. 


THE  PAKIETAL  BONE 

is  one  of  the  simplest  in  the  body.  Developed  from  one  centre 
"which  forms  at  the  middle  most  convex  part  or  a  little  below 
it,  it  spreads  out  to  great  size,  contributing  a  larger  share  to 
the  covering  of  the  brain  than  any  other  bone:  in  some  cases  of 
hydrocephalus  it  attains  to  enormous  dimensions.  In  the  early 
periods  of  life  it  is  sharply  curved,  and  its  protuberance  stands  out 
very  boldly,  giving  a  square  shape  to  the  head,  which  is  retained 
through  life  in  some  of  the  inferior  races  of  mankind,  and  in  some 
Em'opeans,  more  particularly  where  there  is  a  tendency  to  rickets. 
It  is  interlocked  betW' een  the  other  bones  in  a  remark- 

Altemate 

levelling  of  its    able  manlier:  thus,  it  is  overshot  by  the  frontal  above, 
and  overlaps  it  below;  it  is  covered  by  the  squamous 


^  There  is  a  smooth  oval  exostosis  on  the  external  "spine,"  and  another  more 
nodulated  on  the  "tuber"  in  Guy's  Museum. 
2  British  and  Foreign  Medical  Review,  svn. 
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edge  of  the  temporal,  but  overlaps  its  mastoid  edge;  it  is  overlapped 
hy  the  occipital  a  little  at  the  lower,  and  overlaps  it  a  little  at  the 
upper,  part  of  the  lambdoidal  suture;  and  a  similar  alternation  is 
continued,  in  a  slight  degree,  with  the  opposite  bone  in  the  sagittal 
suture.  In  this  way  it  alternately  overlaps  and  is  overlapped  by 
each  of  the  four  large  bones  with  which  it  is  connected;  and  a 
corresponding  alternate  bevelling  of  its  edges  at  the  expense  of  the 
outer  and  the  inner  tables  may  be  traced  all  round.  It  is  very  thin 
where  it  forms  part  of  the  temporal  fossa  and  lies  under  the  shelter 
of  the  temporal  muscle  and  fascia.  The  extent  to  which  the  muscle 
and  fascia  cover  it  varies  in  different  races,  being  less  in  the 
European  than  in  others.  The  bone  is  also  less  flattened  in  the 
European  at  this  part,  presenting  a  more  generally  full  rounded 
contour,  which  has  the  effect  of  rendering  the  2^'^^otubermice  less 
prominent. 

Connection  with  ^hc  parietal  bone  is  regarded  as  the  spine  of  the 
the  sphenoid,  posterior  Sphenoidal  vertebra  which,  in  consequence,  has 
received  the  name  of  "  Parietal  vertebra."  Yet  its  connection  with 
the  great  ala  of  the  sphenoid  is  by  no  means  constant.  In  the 
skull  of  a  negro  before  me  they  are  separated  by  the  coalescence 
of  the  frontal  with  the  temporal.  They  are  separated  in  the  same 
way  in  the  chimpanzee,  but  are  united  in  the  orang-utan,  the  cat, 
and  some  other  carnivora.  The  fact  of  its  being  supplied  by  the 
The  menin  eai  i^^tritious  artery — the  middle  meningeal — which  passes 
groove.  through  the  spine  of  the  sphenoid,  is  a  confirmation  of 

the  opinion  that  it  is  an  appurtenance  of  that  vertebra.  The  deep 
position  of  the  artery  in  a  groove  or  channel  at  the  anterior  inferior 
angle  is  a  point  of  some  practical  importance,  because  it  is  liable 
to  be  wounded  in  fractures  of  this  part  of  the  bone;  and  the  blood 
flowing  from  it  may  separate  the  dura  mater  from  the  skull  and 
cause  fatal  compression.  Hence,  in  cases  where  blows  have  been 
received  on  the  side  of  the  head,  and  symptoms  of  gradually  in- 
creasing compression  of  the  brain  have  supervened,  the  trephine 
has  occasionally  been  applied  and  the  blood  removed ;  and  in  a  few 
instances^  the  result  has  been  good.     In  more  the  operation  has 


^  Hennen's  Military  Surgery,  3rd  edit.  p.  327. 


THE   SKULL.  241 

been  unsuccessful;  either  the  Wood  could  not  be  removed,  or  the 
brain  has  not  recovered  itself,  or  hernia  cerebri  has  ensued  ^  In 
some  no  blood  was  found;  and  in  others,  I  believe,  the  wrong  side 
has  been  opened.  That  the  results  of  experience  are  not  very- 
encouraging  to  the  performance  of  this  operation  need  scarcely  sur- 
prise us,  when  we  remember  that  a  fracture  traversing  this  part  of 
the  skull  will  most  likely  be  continued  into  the  base  and  across  the 
sella  turcica  (see  page  204).  I  have  already  remarked  (page  196) 
that  this  is  the  only  part  of  the  skull  at  which  blood  is  thrown  out 
between  the  dura  mater  and  the  bone  in  sufficient  quantity  to  cause 
serious  compression  of  the  brain.  The  anterior  inferior  angle  of 
the  parietal  bone  is  occasionally  replaced  by  a  wormian  bone. 

The  size  of  the  parietal  bones,  their  elevation  and 

Size  and  forward  '- 

position  of  parie-  comparatively  vertical  direction  and  the  consequent  for- 

tals  in  man.  ..  pi-  "  •  it-  -i 

ward  position  oi  their  antero-supenor  angles,  distinguish 
the  human  cranium  from  that  of  monkeys  and  other  animals;  and 
these  characters  are  most  marked  in  the  higher  races  of  mankind. 
Associated  ■svith  these  peculiarities  is  the  concave  outline  of  the 
lower  edge  of  each  bone,  adapted  to  the  convex  rising  margin  of 
the  squamous  bone.  The  suture  connecting  the  two  is  rather  less 
cm'ved  in  the  Negro  than  in  the  European,  and  is  nearly  straight 
in  the  chimpanzee  and  inferior  animals.  The  very  obtuse  retiring 
angle  formed  by  the  union  of  the  two  parietals  in  front  is  also  a 
result  of  the  foiTN'ard  position  of  their  antero-superior  parts.  In 
monkeys  the  angle  is  much  deeper  and  more  acute  to  receive  the 
frontal  bone,  which  is  prolonged  backwards  into  a  point  in  the 
middle  line. 

The  sagittal  margins  are  often  thick,  and  form   by 

Sagittal  crest  .  .  ii-i  t  •    ^  ,ji 

their  union  a  strong  broad  ridge,  which  connects  the 
projecting  angles  of  the  frontal  and  occipital  bones  and  constitutes 
a  sti'ong  arch  at  the  upper  part  of  the  cranium.  In  the  orang,  the 
badger,  and  the  dog  more  particularly,  they  are  elevated  into  a  lofty 
crest,  which,   at  its  back  part,   is  overlaid  by  a  separate  osseous 


1  Ahernethy's  SurgicalWorh,Ji.  38;  Bright's  Medical  RepoHs,  li.  403;  Guthrie,  On 
Injuries  of  the  Head,  p.  60. 
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nucleus  running  foiAvards  from  the  occipital  bone.  When  the 
animals  are  young  this  nucleus  may  be  seen  extending  through 
the  whole  thickness  of  the  skull  and  forming  a  distinct  triangular 
"  interjiarietal  bone"  or  "  os  triquetrum,"  occupying  the  posterior 
fontanelle  and  adapted  to  it.  Its  inner  sm-face  is  connected  with 
the  tentorium,  which  is  osseous  in  the  cat  (for  the  purpose  of  more 
effectually  supporting  the  brain  during  the  springs  and  powerful 
m.ovements  of  the  animal)  and  proceeds  from  the  parietal  rather 
than  fr-om  the  occipital  bone.  In  rodents  it  is  said  to  be  deve- 
loped from  two  osseous  centres.  The  object  of  the  elevated  crest 
is  to  furnish  an  increased  sm-face  of  attachment  to  the  temporal 
muscles.  In  the  young  of  some  carnivora  two  inter-parietal  bones 
are  found  in  the  /ore  part  of  the  sagittal  suture  as  well  as  two  in 
the  hinder  part;  all  become  united  together  with  the  two  parietals 
into  one  bone  during  the  growth  of  the  animal.  In  the  crocodile 
the  two  parietals  are  formed  from  one  centre,  and  constitute  a  small 
irregularly  shaped  median  bone. 

In    many    animals   where    the    sagittal   ridge  is  strong 

Depressions 

near  inner  edge  the  bone  On  either  Side  is  rather  thin;  and  in  the  human 
oninsice,  gkuH  we  often  find  marked  depressions  of  the  inner  table, 

at  this  part,  adapted  to  the  prominences  of  the  upper  margins  of  the 
cerebral  hemispheres  and  to  the  "pacchionian  glands."  When  these  de- 
pressions are  deep  and  sharply  defined  each  one  is  usually  coimected  with 
one  of  the  large  branches  of  the  meningeal  groove.  I  have  seen  also  six 
instances  (one  in  the  Cambridge,  four  in  the  Dupuytren,  and  one  in  the 
and  on  Berlin  Museum)  of  remarkable  depressions  on  the  exterior 

exterior.  ^f  h^^q  bone  in  this  situation.     The  parietal  bones,  on  the 

sides  of  the  sagittal  suture,  between  it  and  the  parietal  protuberances, 
were,  in  each,  reduced  to  the  thinness  of  paper,  looking  as  if  a  portion 
of  the  outer  table  and  chploe  had  been  sliced  off  so  as  to  leave  only 
the  inner  table,  which  preserved  its  proper  line.  The  surface  was 
smooth,  and  the  edges  sloped.  The  depression  caused  by  this  deficiency 
of  part  of  the  thickness  of  the  skull  was,  in  each  instance,  elliptical  (about 
2^  inches  by  1^).  The  exact  symmetry,  the  similarity  of  the  deficiency 
in  the  several  cases,  and  the  absence  of  any  trace  of  disease,  render 
it  most  probable  that  the  conformation  was  congenital;  at  any  rate,  they 
prove  pretty  clearly  that  it  was  not  the  result  of  accident.      I  have  not 
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seen  a  corresponding  condition  in  any  other  part  of  the  skull,  and  do  not 
know  how  to  account  for  its  occurrence  at  this  spot  in  preference  to 
others.  In  idl  these  instances  the  portions  of  the  parietals  intervening 
between  the  deficiencies  were  rather  thicker  than  usual '. 

The  aperture  for  the  vein  that  riuis  through  the  upper  and  hinder 
pai"t  of  the  parietal  bone  into  the  longitudinal  sinus  is,  in  some  skulls,  of 
considerable  size.  In  a  specimen  in  the  Cambridge  Museum  it  is  large 
enough  to  admit  the  end  of  the  finger ;  it  is  situated  further  back  and 
nearer  to  the  sagittal  suture  than  the  thinning  of  the  bone  above  men- 
tioned, and  has  no  relation  to  it. 

Development  ^  singlc  ossifj'ing  DUclcus  appears  near  the  protuber- 
andvaneties.  ^^^^^q  ^^  aboiit  the  third  montli.  Ossification,  radiating: 
thence,  reaches  the  angles  last;  and  the  distance  of  the  two  superior 
angles  from  the  centre  is  one  cause  of  the  existence  of  the  fonta- 
nelles  at  birth.  It  not  uncommonly  happens  tliat  an  interspace  or 
third  fontanelle  remains  between  the  two  bones,  near  the  posterior 
angles,  after  they  have  coalesced  in  front  and  behind.     It  is  usually 


^  There  is  a  description  of  two  similar  specimens  by  Dr  Maier  (in  Virchow's  Archiv, 
VII.  336).  He  is  disposed  to  attribute  the  thinning  of  the  skull  at  the  part  to  senile 
atrophy.  But  in  the  instances  I  have  seen,  and  in  one  represented  by  Sandifort, 
Exercitationei  Anatomies,  1753,  p.  76,  Tab.  vii.  the  skulls  did  not  appear  to  be  those  of 
old  persons.  I  am  the  more  disposed  to  regard  it  as  a  congenital  conformation  from 
the  fact  that  I  have,  in  several  instances  of  hydrocei^halus,  observed  a  vacancy  in  the 
parietal  bones  at  this  part.  It  would  seem,  from  a  quotation  made  by  Sandifort  from 
Platuerus,  that  a  patient  narrowly  escaped  trephining  after  an  accident  by  coming  to 
himself  and  declaring  that  a  depression  in  his  head,  which  was  exciting  the  apprehen- 
sion of  the  surgeons,  had  existed  from  childhood. 

There  is  a  calvarium  showing  thinness  of  the  right  parietal  bone  in  St  Thomas's 
Museum.  It  is  thus  described  in  the  catalogue:  "The  most  prominent  part  of  the 
right  parietal  bone  sliced  off  by  a  sharp  instrument,  probably  a  sabre.  The  force  was 
apphed  horizontally,  so  that,  although  a  large  portion  of  bone  has  been  removed,  the 
internal  table  has  not  been  penetrated.  The  wound  measures  2^  inches  in  diameter," 
It  resembles  the  other  specimens  mentioned  above,  except  that  the  deficiency  is 
of  more  circular  shape.  Singularly  enough  the  exactly  corresponding  portion  of  the 
ojp'posJjte  side  of  the  calvarium  has  been  sawn  out;  for  what  purpose  it  is  impossible  to 
say.  The  mutilation  throws  great  doubt  upon  the  correctness  of  the  view  taken  in  the 
catalogue ;  for,  possibly,  the  presence  of  the  part  that  has  been  cut  out  would  show  a 
similar  deficiency  on  the  other  side,  proving  that  neither  was  the  result  of  injury. 

Since  writing  the  above  I  have  seen  an  infant  born  with  a  depression  in  the  right 
parietal  bone,  nearly  as  large  as  a  half-crown  piece.  It  is  rather  nearer  to  the  tem- 
poral bone  than  in  the  instances  mentioned  in  the  text;  but  I  believe  it  to  be  of  the 
same  nature  with  them. 

16  —  2 
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of  small  size  and  oblong  shape;  but  in  an  infant  born  with  a  promi- 
nent forehead  and  high  vertex,  in  whom  the  fingers  and  also  the 
toes  were  united  together,  I  found  this  aperture,  or  fontanelle,  of 
large  size  and  square  shape,  so  that  it  could  not  have  been  dis- 
tinguished, by  the  touch,  from  the  anterior  fontanelle. 

The  two  bones  In  some  few  instances  the  two  pai'ietal  bones  appear  to  be 

deveio'jed  from  developed,  as  they  are  in  the  crocodile,  from  a  single  ossifying 
one  centre.  centre  in  the  median  line.  At  any  rate,  they  sometimes  are 
found  united  at  a  very  early  period,  as  early  as  the  third  year.  When 
they  are  so  the  lateral  expansion  of  the  head  is  prevented,  and  there  is, 
consequently,  a  pretex^natural  increase  in  the  height  and  in  the  antero- 
posterior diameter  of  the  cranium  \  Indeed,  wherever  the  head  is  un- 
usually long  or  deep  we  may  be  pretty  sure  that  the  sagittal  suture  was 
obliterated  early,  or  did  not  exist.  In  some  examples  of  remarkable 
elevation  of  the  upper  part  of  the  cranium,  I  have  found  the  frontal 
as  well  as  the  sagittal  suture  early  obliterated. 

Occasionally  one  or  both  parietal  bones  are  divided,  more  or  less 
completely,  into  an  upper  and  lower  half  by  a  suture  running  from 
before  backwards".  In  one  instance  the  dividing  "sixture  ran  partially 
vertical  and  diagonal^."  The  parietal  bones  are  frequently  deficient, 
wholly  or  partially,  in  anencephalous  monsters.  "Occasionally  they  are 
missed  in  natural  fcetuses*." 


THE  FRONTAL  BONE 

not  only  covers  the  fore  part  of  the  cranial  cavity  and  forms  the 
upper  walls  of  the  orbits  and  the  roof  of  the  nasal  fossae;  it,  in 
addition,  sends  down  three  processes — the  "nasal"  in  the  middle, 


1  See  Contributions  to  Craniology,  by  Dr  Minchin,  Dublin  Quarterly  Journal,  xxil. 
350.  An  example  is  given  by  Sandifort,  Mus.  Anat.  11.  Tab.  viii.  and  ix.  and 
Exercitationes  Anatomice,  1785,  Tab.  I.  of  union  of  the  parietals,  the  sagittal  suture 
being  undistinguishable,  except  a  slight  trace  of  it  near  the  coronal.  The  cranium  was 
in  other  respects  remarkable  chiefly  for  its  length  and  for  the  thinness  of  its  bones. 
The  subject,  a  woman,  is  said  to  have  had  hydrocephalus,  though  the  dimensions  of 
the  skull  were  not  very  great. 

^  Tiedemann,  Zeitschrift  fur  Physiologie,  11.  s.  i.  There  are  two  examples  in  the 
Museum  at  Berlin. 

3  Otto's  Path.  Anat.  by  South,  p.  169. 

^  Otto,  p.  169. 
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and  the  "external  angular"  on  either  sidc^ — which  arc  the  main 
stay  of  the  face.  Hence  it  is  a  bone  of  considerable  strength,  and 
it  varies  in  its  figure  and  growth  according  to  the  development  both 
of  the  brain  and  the  ftice.  In  proportion  as  that  of  the  former  takes 
place  in  the  most  perfect  manner,  that  is,  the  manner  which  we  find 
associated  with  the  highest  intellect,  so  does  the  cranial  portion  of 
the  frontal  bone  become  more  uprio'ht  and  less  encroach- 

Its  upright  po-  J-      o 

sition  proper-     ing  upon  the  territory  of  the  parietals,  giving  rise  to  that 

tiouate  to  de-  "^  ...  ^ 

veiopmentof  wcll-known  indication  of  mental  power,  a  high  foreliead. 
Accordingly  an  examination  of  the  crania  of  the  various 
races  of  mankind  shows  that  the  more  debased  is  the  mental  con- 
dition so,  on  the  whole,  is  the  frontal  bone  more  inclined  backwards 
and  more  prolonged  in  the  direction  of  the  sagittal  suture^.  In  the 
monkey  these  features  are  still  more  strongly  marked ;  and  in  the 
lower  races  of  animals  the  bone  becomes  quite  horizontal,  and  is 
placed  behind,  instead  of  above,  the  eyes^.  Similar  remarks  may  be 
made  with  regard  to  the  facial  part  of  the  bone;  for,  in  proportion 
as  the  cranial  portion  slopes  backwards,  so  do  its  facial  buttresses — 
the  nasal  and  angular  processes — slant  forwards;  and  in  proportion 
as  the  brain  is  well  developed  and  the  cranial  part  of  tlie  bone  is 
upright,  so  are  the  facial  processes  directed  perpendicularly  down- 
wards. In  the  lower  animals,  for  instance,  they  grow  directly  for- 
wards ;  in  the  lower  races  of  mankind  they  grow  downwards  and 
forwards ;  and  in  the  best  formed  human  skulls  they  grow  almost 
vertically  downwards.  Hence,  when  the  skull  rests  upon  a  hori- 
zontal plane,  the  angle  formed  by  the  anterior  surface  of  the  frontal 
bone  with  that  plane,  which  may  be  called  the  "frontal  angle,"  will 
aiford  at  least  as  correct  a  means  of  estimating  the  degree  of  per- 
fection of  cranial  development  as  what  is  commonly  called  the 
"facial  angle."  It  will  be  found,  as  a  general  rule,  that  the  promi- 
nence of  the  forehead  is  proportionate  to  that  of  the  chin  (see  page 


^  In  camivora  the  external  angular  process  does  not  reach  the  malar  bone,  so  that 
the  orbit  and  temporal  fossa  form  one  large  cavity.  The  middle  process  of  the  frontal, 
which  is  the  only  support  afforded  by  the  bone  to  the  face,  is  consequently  very  thick 
and  strong  in  these  animals. 

^  This  conformation  is  well  seen  in  the  representation  of  a  Peruvian  skull  given 
by  Tiedemann  in  the  Zeitschrift  fiir  Phy-siologie,  v. 

^  In  fishes  it  extends  between  the  parietals  as  far  as  the  occipital. 
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287),  and  to  the  bulging  of  the  occipital  bone  below  the  level  of 
the  foramen  magnum  (p.  237). 

The  frontal  The  dowuward  growth  of  the  middle  or  frontal  pro- 

sinuses:  ^ggg  ^f  ^j^g  cranium  (page  177),  and  its  size,  which  is 

designed  to  give    it    strength    as    a   main   support    of   the    face, 
would   add  considerably   to  the  weight   of  the  fore  part   of  the 
skull,  were  it  not  hollowed  out  into  cavities  or  cells.     Of  these, 
some  formed  in  the  ^ethmoid,  or  completed  by  it,  are  called  "  geth- 
moidal  cells,"  others,  included  in  the  substance  of  the  frontal  bone 
itself  and  formed  between  its  tables,  are  called  "frontal  sinuses." 
The  latter  are  situated  chiefly  between  the  orbital  and  the  super- 
ciliary  plates   of  the   bone.     They   are   not    developed   till   after 
variations  in      pubcrty,  and  vary  a  good  deal  in  size;  not  unfrequently 
their  size:         ^j^^^  ^^,g  q£  unequal  size  on  the  two  sides.    They  are 
larger  in  men  than  in  Avomen  and  young  persons,  owing  to  the 
greater  prominence  of  the  superciliary  ridges  in  the  former.    Where 
they  are  most  developed  they  make  the  forehead  seem  to  recede, 
which  must  be  borne  in  mind  in  estimating  the  capacity  of  the  cra- 
nium by  either  the  frontal  or  the  facial  angle.    The  sinuses  are  on 
the  whole  larger  in  Europeans  than  in  negroes.    In  some  tribes — 
Australians  for  instance — it  is  said  by  Prof.  Owen  that  they  are 
very  imperfectly  developed,  and  that  a  peculiar  want  of  resonance  of 
the  voice  is  a  consequence  of  the  deficiency.     I  have  seen  them 
extend  over  the  whole  surface  of  the  orbit,  reaching  as  far  back  as 
the  junction  of  the  frontal  with  the  lesser  ala  of  the  sphenoid;  the 
supra-orbital  portions  were  partly  shut  off  from  the  nasal  portions, 
and  the  cavities  further  subdivided  by  incomplete  partitions.   Above 
they  have  been  known  to  extend  as  far  back  as  the  parietal  bones, 
and  on  either  side  as  far  as  the  external  angular  processes ;  in  other 
cases  they  are  almost  absent  \ 


1  "They  extend  backwards  over  the  top  of  the  skull  in  the  ruminant  and  some  other 
quadrupeds,  and  penetrate  the  cores  of  the  horns  in  oxen,  sheep,  and  a  few  antelopes. 
The  most  remarkable  development  of  air-cells  in  the  mammalian  class  is  presented  by 
the  elephant;  the  intellectual  physiognomy  of  this  huge  quadruped  being  caused,  as  in 
the  owl,  not  by  the  actual  capacity  of  the  brain-case,  but  by  the  enormous  extent  of 
the  pneumatic  cellular  structure  between  the  outer  and  inner  plates  of  the  skull- walls." 
Owen,  in  Orr's  Circle  of  the  Sciences,  p.  167. 
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It  is  necessaiy  to  be  aware  of  these  varieties  in  applying  the 
trephined  Tliere  is  usually  one  on  either  side  of  the  middle  line: 
the  left  is  said  to  be  commoidy  rather  the  larger.  Thej  are  sepa- 
rated by  a  thin  septum,  to  the  formation  of  which  each  half  of  the 
fi-ontal  bone  contributes  its  share.  Nevertheless,  they  communicate 
with  one  another  by  apertures  in  the  septum ;  and  each  commu- 
nicates with  the  superior  meatus  narium  of  its  OAvn  side  by  a  funnel- 
shaped  opening,  which  transmits  a  prolongation  of  the  schneiderian 
membrane  to  line  the  interior  of  the  sinus,  and  which  permits  air  to 
pass  to  and  from  the  nasal  fossas. 

They  are  sometimes  the  seat  of  very  acute  pain  in  corn- 
are  not  often 
the  seat  of         mon  catarrh,  in  consequence  of  the  inflammation  extending 

sease.  along  the  lining  membrane  from  the  nose;  but  the  inflamma- 

tion commonly  subsides  without  much  trouble,  and  it  is  remarkable  how 
seldom  they  are  the  seat  of  chronic  disease.  It  is  related  that  insects 
have  found  then*  way  into  them ;  that  fragments  of  brain  have  escaped 
from  the  nose  in  cases  of  fracture  at  the  base  of  the  skull  involving  the 
walls  of  these  cells ;  and,  that  when  an  aperture  has  been  formed  in  their 
outer  wall,  patients  have  been  able  to  blow  air  through  them".  The 
whole  anterior  wall  has  been  carried  away  by  fracture,  leaving  the  hinder 
wall  exposed,  and  the  patient  has  done  well. 


1  A  gentleman  •who  measured  several  specimens  found  them  ranging  from  two  to 
four  inches  transversely,  from  one  to  two  iu  height,  and  from  half  an  inch  to  nearly 
two  in  depth.  Mr  Hilton,  On  the  Cranium,  p.  13,  found  them  more  extensively  deve- 
loped in  the  skull  of  a  man  belonging  to  one  of  the  African  tribes  than  in  any  other 
that  he  had  seen. 

2  It  is  related  by  Dr  Abercrombie  (Diseases  of  the  Brain,  3rd  edit.  p.  40)  that 
an  opening  has  been  formed  into  the  cranial  cavity  by  ulceration  consequent  on  dis- 
ease of  the  lining  membrane,  and  has  been  associated  with  abscess  in  the  adjacent  part 
of  the  brain.  In  the  Mus^e  Dupuytren  is  an  enormous  cavern,  larger  than  the 
head,  with  bony  walls  occupying  one  side  of  the  face.  The  case  was  published  by 
M.  Viallet  in  Bull,  de  la  Societe  de  lafac.  de  Med.  1805,  p.  72,  and  the  commence- 
ment of  the  disease  was  ascribed  by  him  to  polypus  of  the  frontal  sinus.  A  careful 
examination  of  the  specimen,  and  comparison  of  it  with  others,  convinced  me  that 
it  was  more  probable  the  disease  began  in  the  maxillary  than  in  the  frontal  sinus. 
An  account  of  this  specimen  is  given  in  the  Museum  d'anaiomie  path,  de  la  faculte 
de  Medecine  de  Paris,  p.  437,  and  is  represented  in  PL  10  of  the  Atlas  accompanying 
that  work. 
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The  frontal  sinuses  serve  to  lighten  the  fore  part  of 

their  uses.  iin  ii  i 

the  skull,  to  add  to  the  resonance  oi  the  voice,  and,  by 
throwing  forward  the  superciliary  ridges,  to  protect  the  eyes.  As 
before  stated,  p.  220,  it  is  not  probable  that  they  have  much,  if  any, 
connection  with  the  sense  of  smell. 

The  orbital  plates  are  arched  transversely,  as  well  as 

Orbital  plates. 

from  before  backwards  (see  PI.  XV.  at  page  231) ;  they 
are  deeply  marked  by  the  cerebral  convolutions  above,  but  present  an 
even  surface  beneath  so  as  not  to  interfere  with  the  movements 
of  the  eyes,  which  lie  close  under  them  nearer  to  the  roofs  than  to 
the  floors  of  the  orbits.  Not  being  much  exposed  to  injury  this  part 
of  the  bone  is  thin  and  easily  perforated  by  any  sharp  instrument^; 
occasionally  it  is  fractured  by  a  blow  upon  the  forehead,  or  more 
distant  part  of  the  head,  the  other  regions  of  the  skull  remaining 
intact^.  In  the  well-made  European  skull  the  orbital  plates  are 
nearly  horizontal.  In  the  Negro  they  are  more  oblique,  slanting 
downwards  and  backwards.  In  hydrocephalus  they  are  much  flat- 
tened and  depressed  from  their  proper  horizontal  to  a  nearly  vertical 
line,  rendering  the  eyes  prominent  and  giving  a  peculiar  stare  to 
the  unfortunate  suflerers.  Their  hinder  and  inner  angles  are  some- 
times replaced  by  wormian  bones  ^. 

Superciliary  ^hc  Superciliary  ridges  are  formed  by  the  confluence 

ridge  and  notch,  ^f  ^j^g  anterior  margins  of  the  orbital  plates  with  the 
frontal  portion  of  the  bone.  They  are  strong  and  arched  so  as  to  be 
able  to  resist  blows  and  to  receive  the  malar  and  maxillary  bones 
which  are  applied  against  the  angular  processes  forming  their  outer 
extremities.  The  arching  of  the  brows,  added  to  the  direction  of 
the  hairs  placed  upon  the  skin  which  covers  them,  diverts  to  the 
sides  of  the  face  the  streams  of  sweat  flowing  from  the  forehead,  and 
saves  the  annoyance  they  would  otherwise  occasion  to  the  eyes. 


1  Trans,  of  Path.  Soc.  i.  t88.  In  a  case  quoted  by  Abercrombie,  Diseases  of 
Brain,  p.  41,  it  would  seem  to  have  been  perforated  by  matter  forming  in  the  orbit. 

^  Page  205,  and  Hewitt  in  Med.  Times  and  Gaz.,  March  27,  1858. 

^  See  the  contrast  of  their  shape  at  the  time  of  birth  and  in  the  adult,  represented 
in  PI.  XV.  figs.  3  and  4.  At  the  former  period  they  are  much  less  arched  than  in  the 
latter,  to  afford  more  space  for  the  large  cerebrum. 
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The  outer  part  of  eacli  superciliary  or  "  supra-orbital"  ridge  is  par^ 
ticularly  prominent,  defending  the  eye  in  this  the  most  exposed 
direction,  and  giving  shelter  to  the  lachrymal  gland.  Tlie  imier  part 
is  less  sharp.  The  ridge  is  interrupted  near  the  inner  part  by  the 
supra-oi'bltal  notch,  which  transmits  the  frontal  nerve,  and  which  is 
sometimes  converted  into  a  foramen.  A  small  liole  at  the  bottom  of 
the  notch  transmits  a  vein  from  the  diploe  to  join  the  ophthalmic  vein 
(page  196).  Another  vein  from  the  same  source  often  perforates  the 
orbital  plate  near  the  external  angular  process;  and  a  small  hole  in 
the  latter  situation  sometimes  transmits  a  branch  of  the  anterior 
meningeal  artery  to  the  lachrymal  gland\ 

The  want  of  sharpness  and  projection  of  the  inner  part  of  the 
supra-orbital  ridge  is  compensated  for  by  the  bulging  of  the  anterior 
wall  of  the  frontal  sinuses;  and  the  bone  is  here  perforated  by  many 
holes  for  the  transmission  of  vessels  to  and  from  the  sinuses.  In  the 
middle  line  it  often  presents  small  closely-set  transverse  ridges  and 
furrows,  which  are  the  remnants  of  the  frontal  suture. 
Froutai  emi-  '^^^®  frontal  eminences,  which  are  situated  above  the 

nences.  Superciliary  ridgcs,  vary  a  good  deal  in  different  persons; 

often  they  are  unsymmetrical  in  the  same  person.  A  want  of  uni- 
formity in  this  respect  led  to  the  presumption  of  fracture  in  a  case 
which  occmTcd  under  Velpeau  at  the  Hopital  de  la  Pitie. 

The  foramen  ccecum,  when  it  is  open,  transmits  into 

Foramina  oeca  "^  _  _        _ 

andorbitaUa  the  uose  a  Vein  of  communication  between  the  vessels  of 
the  schneiderian  membrane  and  the  longitudinal  sinus. 
It  is  sometimes  impervious  at  the  lower  part,  especially  in  old 
persons.  The  internal  orhital  foramina,  transmitting  branches  from 
the  ophthalmic  veins  to  the  nose,  afford  additional,  though  less  direct, 
means  by  which  vascular  communications  are  established  between 
the  schneiderian  membrane  and  the  dura  mater.  If  we  add  to  these 
the  cribriform  holes  themselves,  we  find  here  ample  anastomosis 
between  the  nasal  and  the  intra-cranial  vessels. 

A    slight   elevation    in    the  median  line  marks  the 

position  of  the  sutui'e  which  united  the  lateral  halves  of 

the  bone.     In  some  of  the  lower  animals  this  is  elevated  into  a 


^  Jourdan,  Encyd.  Anat.  II.  27. 
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ridge  continuous  with  that  of  the  parietal  and  occipital  bones.  The 
coronal  edge  of  the  frontal  is  bevelled  so  as  to  be  adapted  to  the 
parietal,  that  is,  at  the  expense  of  the  inner  table  above,  and  of  the 
outer  one  in  its  lateral  parts.  It  will  be  observed  that  the  serration 
is  much  less  complicated  near  the  middle  line  and  at  the  sides  of  the 
suture,  where  the  bones  overlap  one  another  in  opposite  directions, 
than  at  the  intermediate  parts  where  their  edges  are  in  the  same 
plane.  The  same  thing  will  be  found  in  other  regions  of  the  skull: 
where  there  is  much  overlapping  there  is  less  serration  than  in 
parts  where  the  edges  of  the  bones  are  more  directly  opposed  to 
one  another. 

The   ossification   of  the   frontal   bone   begins   very 

Development.  i  i  r  f      i  i  •    i 

early,  sooner  than  that  oi  any  oi  the  other  cranial 
bones;  probably  because  it  carries  the  face,  through  the  medium  of 
the  three  processes  which  run  out  from  it  for  that  purpose.  Bone 
is  first  formed  at  the  part  subservient  to  this  work — viz.  along  the 
superciliary  portion,  at  or  before  the  second  month — and  radiates 
from  it  backwards  over  the  orbit  and  upwards  upon  the  foreheads 
We  might  expect  separate  nuclei  for  the  external  angular  processes, 
forasmuch  as  they  are  separate  bones  in  reptiles  and  fishes,  called 
the  "  post-frontals;"  but  I  have  not  succeeded  in  finding  them^.  At 
birth  the  bone  is  divided  into  halves  by  the  frontal  suture,  which, 
at  the  upper  part,  expands  into  the  anterior  fontanelle.  By  the  age 
of  two  years  this  suture  is  generally  obliterated,  and  the  fontanelle 
is  closed. 


^  Ossification  is  commonly  said  to  commence  in  the  situation  of  the  frontal  pro- 
tuberances. I  have,  however,  found  it  first  just  above  the  orbits ;  Kerkringius  (Os- 
teogenia  fcetuum,  cap.  ii.)  describes  it  as  beginning  at  this  point,  and  says  that  it 
spreads  upwards  on  either  side  towards  the  parietal  bones  so  as  to  enclose  a  central 
portion  which  is  subsequently  covered  in.  Blandin  {Anatomie,  i.  78)  gives  the  same 
account. 

^  In  one  hydrocephalic  specimen  the  cranial  was  separate  from  the  superciliary 
portion.  This  cannot,  however,  be  relied  on  as  a  veritable  exponent  of  the  manner 
of  development,  because  gaps  of  irregular  shape  and  of  considerable  size,  not  always 
symmetrical  on  the  two  sides,  are  often  met  with  in  the  frontal  bones  of  children 
afHicted  with  this  disease.  They  are  probably  the  result  of  the  stretching  to  which  the 
primordial  membrane  and  the  growing  bone  have  been  subjected;  and  it  is  quite 
likely  that  the  stretching  may  have  caused  the  separation  between  the  cranial  and 
superciliary  parts  in  the  instance  I  have  alluded  to. 
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The  frontal  suture  remains  as  long  as  the  other  siitures 

Frontal  suture 

occiisionaiiy  ill  some  quadruiuana  and  other  animals,  and  occasionally  in 
perMben..  man, — ill  about  one  sknll  in  twenty'.  When  it  is  permanent, 
one  of  the  frontal  bones  joins  the  opposite  parietal  diagonally,  forming  a 
union  similar  to  that  which  usually  occurs  in  the  palate  between  the 
maxillary  and  palate-bones,  and  there  is  also  a  diagonal  union  of  one  of 
the  frontal  bones  ynih  one  of  the  nasal  at  the  other  end  of  the  suture. 
The  side  which  is  united  diagonally  with  the  opposite  parietal  may  or 
may  not  be  the  one  which  is  united  diagonally  with  the  opposite  nasal. 

Judging  fr'om  what  has  been  said  at  page  244  respecting  the  association 
of  narrowness  of  the  cranium  "with  absence  of  the  sagittal  suture,  I 
thought  that  there  might  be  some  relation  between  the  width  of  the 
forehead  and  the  persistence  of  the  frontal  suture;  but  have  not  found 
that  it  is  so,  the  suture  not  being  more  frequently  present  in  wide  than 
in  narrow  foreheads.  In  hydrocephalus  the  two  sides  of  the  frontal  bone 
are  pressed  apart,  and  an  independent  plate  is  occasionally  developed  in 
the  interval  between  them".  In  acephalous  monsters  the  frontal  portion 
is  commonly  deficient.  Occasionally  the  frontal  bone  is  entirely  deficient, 
its  place  being  supplied  by  the  elongated  parietal  bones  ^, 

The  varieties  in  this  bone  in  T\ddth  and  height,  in  the  angle  of  incli- 
nation, in  the  size  of  its  sinuses,  and  in  the  prominence  of  its  protuber- 
ances are  perhaps  of  more  importance  in  physiognomy  than  those  of  any 
other  bone  in  the  head. 

It  is  more  fi'equently  the  seat  of  disease  than  the  other 

Frontal  bone 

often  the  seat  cranial  bones,  being  more  subject  to  thickening,  to  syphi- 
o  -ease.  ^^.^  caries,  and  to  malignant  growths.  There  is  one  disease 
which  hardly  ever  afiects  the  other  calvarial  bones,  except  the  frontal 
has  been  first  attacked,  I  mean  the  formation  of  nodulated  bony  gTowths, 
or  "osseous  tumours,"  which  may  begin  on  either  side,  or  in  the  middle 
line,  of  the  fr'ontal  bone,  and  wliich  spread  along  its  surface,  extend- 
inw  to  the  adjacent  bones,  attaining  considerable  size,  and  encroaching 
upon  the  cranial  ca-\-ity  as  well  as  bulging  outwards.     They  may  also 


1  Congenital  consolidation  has  been  observed,  and  the  frontal  suture  has  been 
found  not  running  straight  to  the  sagittal  suture.  Otto's  Path.  Anat.  by  South, 
p.  1 66. 

3  Foot-note  3  on  page  192 ;  and  case  by  Dr  FrecHeton  in  Ed.  Med.  and  Surg. 
Journal,  xvn.  242. 

3  Otto's  Path.  Anojt.  by  South,  p.  106. 
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take  their  origin  in  the  upper  or  lower  jaw-bones,  and  spread  thence  to 
the  frontal  and  the  other  bones ;  but  this  rarely  happens. 

Lassus^  quotes  examples  of  osseous  exostoses  resembling 

Sebaceous 

cysts  form  liorns  springing  from  one  or  both  sides  of  the  frontal  bone, 
upon  1 .  Probably  some  of  these  were  mere  warty  growths  from  the 

skin,  with  a  tliick  corneous  cuticular  covering,  or  were  consequent 
on  the  formation  bursting  and  subsequent  cuticular  outgrowth  of  seba- 
ceous cysts.  This  leads  me  to  remark  that  such  cysts  are  very  fre- 
quently met  with  in  close  connection  with  the  frontal  bone,  commonly 
just  behind  the  external  angular  process,  and  often  under  cover  of  the 
temporal  fascia;  I  have  met  with  them  occasionally  upon  other  parts  of 
the  bone.  They  are,  so  far  as  I  know,  always  congenital;  though  they 
often  escape  notice  for  some  years,  and  I  have  been  called  upon  to  remove 
them  in  grown  up  and  even  elderly  persons.  If  left  alone  they  do  not 
attain  great  size,  and,  after  a  time,  for  the  most  part,  become  stationary. 
They  lie  upon  the  bone  itself,  or  in  such  close  contact  with  it  that  it 
is  usually  necessary  to  expose  it  to  eflect  their  complete  removal;  I 
found  one  occupying  a  cup-like  depression  of  considerable  depth  in  its 
substance,  which  had  probably  been  caused  by  the  growing  up  of  the  bone 
around  the  cyst.  They  resemble  the  ordinary  "wens"  in  structure  and 
contents.  I  know  no  other  part  of  the  osseous  system  with  which  cysts 
of  this  kind  grow  in  so  frequent  and  intimate  connection. 


THE  TEMPORAL  BONES 


Their  varied 


contain  tlie  organs  of  hearing,  disposed  on  their  exterior 
offices  and         and  in  diversely  shaped  cavities  and  canals  hollowed  out 

relations.  .         ,      .       .  .  ,-j-,,  .,  -if 

m  their  interior,  ihey  contribute  to  the  lormation  oi 
the  cranial  cavity.  They  send  buttresses — the  zygomata — forward 
to  support  the  upper  jaw;  and  they  form  the  sole  resting-points  of 
the  lower  jaw.  They  furnish  the  handles — the  mastoid  processes — 
for  attachment  of  the  muscles — the  sterno-mastoid,  splenii  and  tra- 
chelo-mastoid — which  effect  the  more  powerful  rotatory  movements 


^  Patkologie  Chirurgicale,  i.  cap.  So. 
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of  the  head;  and  they  fm-nish  the  styloid  processes,  from  which 
muscles  pass  to  the  pharynx  the  hyoid  hone  and  the  tongue. 
They  are  perforated  by  the  arteries — the  carotids — which  transmit 
one  half  of  the  supply  of  blood  to  the  brain;  and  they  are  grooved 
by  the  great  veins — the  lateral  sinuses — which  discharge  all  the 
blood  from  the  brain.  They  are  grooved  also  by  two  of  the  tribu- 
tary sinuses — the  superior  and  inferior  petrosal — ,  besides  being 
grooved  by  the  main  arteries  of  the  dm-a  mater — the  middle  menin- 
geal— .They  transmit  the  great  motor  nerves  of  the  face — the  portio 
dm'a  of  the  seventh  on  either  side — and  the  sympathetic.  They 
lodge  the  Gasserian  ganglia,  from  which  pass  the  motor  nerves  of 
the  lower  jaw  and  the  nerves  of  sensation  to  the  entire  fore  part  of 
the  cranium  and  face.  They  form  one  side  of  the  foramen  which 
ti'ansmits  the  glosso-pharyngeal,  the  pneumogastric  and  the  spinal 
accessory  nerves.  In  addition  to  this  there  are  foramina  and  channels 
in  the  bone  for  the  passage  of  communicating  filaments  between  all 
or  most  of  these  nerves.  The  bones,  wedged  in  between  the  occi- 
pital and  the  sphenoid,  appear  to  be  compounded  of  derivatives 
from  both,  and  of  an  osseous  sense-capsule  besides.  I  may  ob- 
seiwe,  moreover,  that,  in  the  different  classes  of  the  animal  king- 
dom, their  several  component  parts  undergo  such  great  modifica- 
tions and  changes,  (greater  perhaps  than  those  of  any  other  bone 
of  the  skeleton.)  that  it  is  often  very  difficult  to  recognise  them 
mider  their  various  metamorphoses.  It  is  no  wonder,  then,  that 
the  spnpathetic  relations  of  this  region  with  other  parts  of  the 
body  are  so  remarkable,  that  an  ear-ache  is  the  most  intolerable 
of  all  aches,  that  in  some  persons  the  introduction  of  a  speculum 
and  the  washing  out  the  external  auditory  passage  causes  con- 
vl^lsive  fits  of  coughing  and  choking,  and  that  accumulations  of 
wax  and  mucus  in  the  cavities  and  passages  are  occasionally  the 
source  of  so  much  annoyance:  no  wonder  that  the  student  finds  it 
difficult  to  acquire  a  clear  and  accurate  knowledge  of  the  temporal 
bone:  no  wonder  that  anatomists  are  not  agi'eed  respecting  the 
homological  relations  of  its  several  parts. 

The  two  temporal  bones  receive  and  support  the  parietals  above, 
and  are,  in  turn,  received  and  supported  by  the  sphenoid  and  occi- 
pital below.    Tlieir  superior  edges  are.  accordingly,  bevelled  at  the 
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expense  of  the  inner,  and  their  inferior  edges  at  the  expense  of  the 
outer  laminge.  They  consist  of  five  portions  which  are  commonly 
described  separately,  each  being  in  some  measure  distinct,  and  each 
being  developed  from  a  separate  osseous  nucleus.  These  are  the 
squamous,  the  'mastoid,  the  _petrosal,  the  ti/mjyanic,  and  the  styloid^. 
Squamous  ^^^^  squamous  portion  is  convex  externally  in  the 

portion.  higher  families  of  the  human  species,  giving  a  rotundity 

to  the  exterior  of  the  cranium  at  this  part;  and  the  great  extent  of 
its  vertical  depth,  in  comparison  with  its  antero-posterior  measure- 
ment, and  the  convexity  of  its  upper  border  are  peculiar  to  man.  In 
quadrumana  it  is  flatter  and  of  more  square  shape,  with  a  straight 
upper  border.     The  glenoid  cavity,   lined  with  a  thin 

Glenoid  cavity.  „  .,  .  .  ,  ,  x      ^ 

layer  ot  cartilage,  is  seen  on  its  under  suriace.  in  iront 
of  the  cavity  is  a  ridge  or  eminence,  also  covered  with  cartilage, 
upon  which  the  condyle  of  the  jaw  mounts  when  the  mouth  is 
widely  opened,  returning  again  into  the  glenoid  fossa  when 
the  mouth  is  closed.  This  ridge,  as  well  as  the  glenoid  cavity, 
has  its  long  axis  directed  inwards  and  backwards,  in  accordance 
with  that  of  the  condyle  of  the  jaw,  which  facilitates  the  oblique 
or  rotatory  movements  of  the  inferior  maxilla  in  mastication.  The 
glenoid  cavity  is  separated  from  the  petrous  bone  and  the  lower 

part   of  the    tympanic   bone   by   the  jissura    Glaseri, 

Fissura  GlaserL       ,.,.  c      ^         n  •  iir-^i 

which  IS  a  remnant  oi  the  nrst  visceral  clelt  oi  the 
early  embryo  (page  179),  and  which  still  communicates  with  the 
tympanum.  Just  in  front  of  the  outer  part  of  this  fissure  may 
Post-^ienoid  ^®  uoticed  a  small  tubercle,  the  post-glenoid  process, 
process.  ^^  representative  of  a  much  larger  process  which  in 

other  mammals  descends  behind  the  condyle  of  the  jaw  and  pre- 
vents its  being  drawn  backwards  from  the  glenoid  cavity  in  the 
efforts  of  mastication.  Its  large  size  in  the  skull  of  the  chim- 
panzee constitutes  one  of  the  characteristic  differences  between 
that  and  the  human  skull.  In  the  latter  there  is  no  necessity 
for  so  large  a  "  stop,"  in  consequence  of  the  more  vertical  direction 


'  I  frequently  call  these    "squamous  bone,"   "mastoid  tone,"  &c.  to  avoid  the 
longer  phrases,  "squamous  portion  of  the  temporal  bone,"  &c. 
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of  the  neck  and  ascending  portion  of  the  lower  jaw,  and  in  conse- 
quence of  the  downward  growth  of  the  tympanic  and  vaginal 
processes,  which  render  dislocation  of  the  jaw  backwards  almost 
impossible.  Nevertheless,  although  the  process  is  of  smaller  size 
in  man  than  in  the  lower  animals,  it  is  still  sufficient,  mider 
ordinary  circumstances,  to  prevent  the  condyle  of  the  jaw  passing 
backwards,  and  is  really  the  agent,  at  any  rate  is  an  important 
agent,  by  which  such  displacement  is  prevented.  This  is  best 
perceived  in  a  section  of  the  joint  in  its  recent  state,  such  as  is 
represented  in  PI.  XVIII.  fig.  4  and  5  B.  In  some  human  skulls, 
particularly  that  of  the  Negro,  which  presents  so  many  approxima- 
tive tendencies  to  the  skull  of  the  quadrumanous  animal,  this  process 
is  strongly  marked,  growing  downwards  and  pushing  downwards 
the  tympanic  portion,  wliich  is  situated  below  and  behind  it,  and 
which  is  always  quite  distinct  from  it,  being  separated  from  it  by 
the  "  fissura  Glaseri." 


In  "carnivora"  both  the  ridge  bounding  the  fore  part  of 
of  glenoid  the  glenoid  ca-\dty,  and  the  post-glenoid  process  stand  out  more 
cavities  in  car-   gj^^rplv  than  in  man,  and  cvirl,  one  backwards  and  the  other 

nivora,  grami-  -^   "^ 

nivora,  and       forwards,  SO  as  to  circiunscribe  the  antero-posterior  diameter 

rodentia.  .  ,.  ., 

oi  the  ca^aty  and  reduce  it  to  a  mere  furrow,  m  winch  the 
transverse!}'  elongated  condyle  of  the  jaw  tmns,  like  the  pin  in  the  angel 
of  a  hinge-joint.  This  arrangement  permits  only  the  movements  requisite 
for  opening  and  shutting  the  mouth,  and  prevents  dislocation  forwards 
during  the  ^^-ide  separation  of  the  jaws  which  these  animals  are  able  to 
effect,  as  well  as  backwards  when  the  mouth  is  being  closed.  In  "grami- 
nivora"  the  anterior  ridge  is  almost  absent,  the  articulating  facet  is  nearly 
flat  and  extends  forwards  a  considerable  distance,  so  as  to  give  greater 
range  to  the  antero-posterior  sbding  of  the  condyles  and  the  rotatory 
movements  of  the  lower  jaw.  In  the  glenoid  cavity  of  man  the  conditions 
are  intermediate  betsv^een  these  two ;  or  rather  the  ridge  is  much  less  pro- 
nounced than  in  camivora,  and  is  somewhat  more  marked  than  in  gramini- 
vora  j  so  that  this  joint,  like  the  teeth,  approaches  more  nearly  to  the  cha- 
racters displayed  in  the  latter  class  of  animals,  than  in  the  former.  The 
movements  of  the  jaw,  regulated  by  the  shape  of  the  articulating  surfaces, 
resemble  those  which  take  place  in  both  class&s;  but  they  are  limited 
in  their  extent,  the  hinge-like  action  being  less  than  in  the  carnivora 
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and  the  latei'al,  or  rotatory  play,  being  less  than  in  graminivora.  In 
"  rodents"  the  shape  of  the  glenoid  cavity  is  quite  different.  It  is  con- 
cave in  a  lateral  direction,  so  as  to  form  a  deep  groove  in  which  the 
condyle  of  the  jaw  can  play  forwards  and  backwards  with  freedom; 
while  the  condyle  itself  is  almost  spherical,  so  as  to  permit  the  movement 
of  oj)ening  and  shutting  the  mouth  to  take  place. 

Depth  of  the  The  Wall  of  the  skull  forming  the  bottom  of  the  glenoid 

*^^''^'  cavity  is  slightly  prominent  in  the  interior  of  the  cranium, 

as  if  it  had  been  pushed  up  by  the  pressure  of  the  condyle  of  the 
lower  jaw.  It  is  quite  thin  and  translucent,  and  is  surrounded  and 
strengthened  on  all  sides  by  thick  i-idges\  This  deeper  part  of  the 
glenoid  cavity,  where  the  partition  wall  between  it  and  the  cranial 
cavity  is  so  thin,  lodges  the  liinder  thick  edge  of  the  interarticular 
cartilage,  and  is  separated  by  it  from  the  condyle  of  the  jaw,  being  thus 
defended  from  any  jars  or  injurious  pressure  which  might  otherwise 
have  been  caused  during  mastication.  Its  depth  is,  in  the  recent 
state,  increased  by  the  cartilage  which  suiTounds  its  edge  being  tliicker 
than  that  which  covers  its  bottom.  The  cartilage  is  thickest  upon  the 
ridge,  and  this  bears  the  chief  pressure  of  the  jaw  during  its  move- 
ments, both  in  consequence  of  the  forward  curve  in  the  neck  of  the 
jaw,  and  in  consequence  of  the  direction  in  which  the  greater  part  of 
the  fibres  of  the  pterygoid,  masseter,  and  temporal   muscles  pull  ujDon 

it  (p.  288). 

The   zygomatic  process   is   an  outgrowth  from  the 

squamous  bone.      At  its  root  it  is  closely   connected 

with  the  articular  surface  for  the  lower  jaw,  and  greatly  strengthens 

this  part  of  the  bone.     Indeed,  the  glenoid  cavity  might  almost 

be   said   to   be   formed   by   the  bifurcation  of  its  root;    for   the 

anterior  division  running  inwards,  constitutes  the  ridge  upon  which 

the  condyle  descends  when  the  mouth  opens;  and  the  posterior 

division  skirts  the  outer  part  of  the  glenoid  cavity.      The  latter, 

passing  beyond   the   glenoid   cavity,   forms  the  superior  margin 


^  In  the  Journal  Hebdomadaire  des  progres  des  Sciences  MSdicales,  1834,  Tom.  III. 
p.  335,  a  remarkable  case  is  related  in  which  the  condyle  of  the  lower  jaw  was  driven 
through  the  glenoid  cavity  into  the  skull  by  a  fall  from  a  second  atory  window.  The 
patient,  aet.  12,  was  drunk,  and  fell  upon  his  chin  ;  he  lived  more  than  five  months 
after  the  accident,  dying,  at  length,  of  an  abscess  at  the  base.  It  was  supposed 
during  life  that  the  neck  of  the  condyle  was  broken.  The  case  is  quoted  at  length  by 
Mr  Hewitt.— M^erf.  Times  and  Gaz.  March  6th.  1858. 
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of  the  external  auditory  meatus,  and  is  prolonged  backwards  to 
join  the  temporal  ridge  and  form  a  continuation  of  it.  The  upper 
edge  of  the  zygoma  to  which  the  temporal  fascia  is  connected 
is  sharp;  its  lower  edge  is  thicker  and  gives  origin  to  the  mas- 
seter  muscle;  and  the  upper  sm-face  of  its  root  forms  a  smooth 
channel  for  the  play  of  the  hinder  fibres  .of  the  temporal  muscle. 
In  the  Negro  the  greater  width  of  this  channel  throws  out  the 
zygoma  into  stronger  relief,  and,  added  to  the  flatness  of  the 
squamous  portion,  affords  more  space  for  the  temporal  muscle. 
On  the  smooth  retiring  part  of  its  outer  sm-face,  just  in  front  of 
the  ear,  lie  the  temporal  artery  and  the  branch  of  the  fifth  pair 
of  nerves  which  supplies  sensation  to  the  adjacent  skin.  The 
zygomatic  process  overlaps  the  malar  bone  at  the  line  of  their 
union,  so  as  to  assist  it  and  the  superior  maxilla  to  resist  the 
upward  pressm'e  to  which  they  are  subjected  in  mastication.  The 
extent  of  this  overlapping,  as  well  as  the  strength  of  the  zygo- 
matic arch  and  the  size  of  the  space  enclosed  by  it,  are  greater  in 
the  Negro  than  in  the  European,  and  far  greater  in  carnivora 
than  in  either. 

The  hinder  root  of  the  zygoma,  where  it  is  con- 

JUastoid  portion.     .,.  .  i't  iitt 

tmued  mto  the  temporal  ridge,  marks  the  boundary 
between  the  mastoid  and  squamous  regions ;  and  the  upper  edge 
of  the  mastoid  portion  differs  from  that  of  the  squamous  in  being 
cut  horizontally  or  sloped  a  little  outwards,  so  that  it  bears,  rather 
than  encloses,  the  parietal  bone.  The  mastoid  is  a  thick,  spongy 
portion  of  bone;  and,  where  it  is  thickest,  that  is  to  say,  where 
it  forms  the  mastoid  process,  it  is  hollowed  out  into  air-cells, 
which  open  into  the  tympanum  and  derive  from  that  cavity  a 
prolongation  of  its  lining  membrane  through  the  foramen  of  com- 
munication. These  mastoid  cells,  like  the  other  sinuses  of  the 
skull,  are  not  developed  till  after  puberty.  They  serve  to  lighten 
the  bone.  Whether  they,  in  addition,  contribute  to  the  sense 
of  hearing  is  uncertain.  It  is  probable  that  they  serve  some 
good  pm-pose  in  extending  the  tympanic  cavity  and  permitting  it 
to  contain  a  larger  quantity  of  air,  performing  the  same  office 
as  the  hollow  appendage  to  the  tympanum,  which  is  present  in 
most  carnivora,  and  which,  in  the  cat  particularly,  constitutes  a 

17 
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large  globular  process  beneath  the  petrous  portion  of  the  temporal 
bone. 

Emphysema  is  said  to  have  been  caused  by  the  escape  of  air  from 
the  mastoid  cells  in  fracture  at  this  part;  and  abscesses  sometimes 
form  in  them  and  burst  externally.  Occasionally  the  mastoid  process  on 
each  side  is  double ' ;  and  I  have  seen  the  eminence  on  the  inner  side 
of  the  digastric  groove  bnlged  into  a  prominence  as  large  as  the  mastoid, 
and  containing  an  air-cavity  which  communicated  with  the  mastoid 
cells.  In  the  Elephant  the  enormously  developed  mastoid  cells  com- 
municate, through  the  medium  of  the  expanded  pneumatic  diploe  of 
the  other  crardal  bones,  with  the  frontal  sinuses. 

The  mastoid  processes  afford  a  leverage  to  the  muscles  which 
rotate  the  head.  Being  placed  behind  the  plane  of  the  condyles 
they  enable  the  muscles  attached  to  them  to  assist  in  elevating 
the  face  and  balancing  the  head  in  the  erect  posture.  They  do 
not  exist  in  the  infant;  but  grow  out  in  childhood  as  the  jaws  and 
teeth  are  acquiring  more  weight.  Like  the  other  processes  at 
the  back  of  the  head  they  attain  to  greater  size  in  the  Negro,  for 
the  purpose  of  aiding  the  muscles  to  balance  the  prolonged  and 
more  weighty  maxillary  apparatus.  The  mastoid  bones  are  per- 
Foraminafor  foratcd  near  their  hinder  parts  by  one  or  two  foramina, 
veins.  which   transmit  veins  from  the   diploe   and   from  the 

exterior  of  the  head  to  the  lateral  sinuses.  Hence  the  selection 
of  the  back  of  the  ear  as  the  part  for  the  application  of  leeches 
to  relieve  cerebral  congestion^.  Thus  each  of  the  cranial  bones 
we  have  considered  has  a  foramen  for  the  purpose  of  permitting 
direct  communication  between  the  sinuses  on  its  interior  and  the 
external  veins.  There  is  the  posterior  condyloid  of  the  occipital 
bone,  which,  crossing  over  the  hinder  part  of  the  condyle,  and 
reaching  the  "  anterior  condyloid  foramen,"  transmits  a  vein  to 
join  the  lateral  sinus  immediately  beneath  the  jugular  hole.    There 


^  Hyrtl,  Anatomie,  s.  189. 

2  "In  some  subjects  I  have  seen  a  branch  of  the  occipital  artery  pass  through  this 
hole  to  serve  the  posterior  part  of  the  dura  mater."  Monro's  Anat.  of  the  Bones, 
1736. 
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is  the  parietal  foramen  perforating  the  posterior  superior  angle  of 
the  parietal  bone,  and  transmitting  a  vein  to  the  longitudinal  sinus : 
and  there  is  the  foramen  coecum  of  the  frontal  bone,  through  which 
the  terminal  portion  of  the  longitudinal  sinus  finds  its  way  into 
communication  with  the  veins  of  the  nose.  As  a  general  rule 
it  is  probable  that  the  current  of  blood  sets  from  without  inwards 
through  these  foramina;  but,  by  permitting  it  to  flow  in  an  opposite 
direction,  they  may  serve  to  relieve  or  prevent  over  congestion 
of  the  cerebral  veins.  The  same  pm^pose  may  be  intended  by  the 
large  venous  channels  that  ramify  in  the  diploe  of  the  skull. 

The   petrous   part   of  the   temporal   bone  owes  its 

Petrous  portion.  ,...  ip  o    • 

chief  interest  and  peculiarities  to  the  fact  of  its  con- 
taining the  essential  part  of  the  organ  of  hearing  spread  out  in 
a  complicated  system  of  cavities  and  canals,  called  the  "  labyrinth," 
which  are  hollowed  out  in  its  interior.  It  is  especially  devoted 
to  this  purpose  and  constructed  for  it.  Its  density,  which  in- 
creases towards  the  interior,  is  gTeatest  in  the  immediate  neigh- 
bourhood of  the  auditory  cavities,  so  as  to  form  what  has  been 
described  as  a  "bony  labyrinth"  investing  the  "membranous 
labyrinth."  This  density  of  the  bone  serves  to  facilitate  the 
vibrations  of  the  fluid  upon  which  the  auditory  nerves  are  ex- 
panded. It  pemiits  also  the  communication  of  sufficient  vibrations 
through  the  walls  of  the  skull  to  cause  auditory  impressions, 
independently  of  those  which  are  transmitted  through  the  external 
meatus.  In  case  of  a  severe  blow  these  vibrations  may  be  so 
jarring  as  to  discompose  the  delicate  structm*es  within  and  to 
induce  concussion  of  them ;  and  this  is  probably  one  cause  of  the 
deafness  which  sometimes  follows  a  fall  or  sharp  knock  upon  the 
head. 

Parts  observed  '^^^  extcrior  of  tlic  pctrous  bouc  presents  indications 
on  its  exterior,  ^f  ^]^g  parts  Contained  within.  The  most  marked  of 
these  is  the  prominence  of  the  superior  semicircular  canal,  seen 
near  the  middle  of  its  anterior  sm-face.  This  stands  up  in  very 
strong  relief  in  the  young  child  (PL  IV.  fig.  1  m)  and  in  many 
animals,  in  consequence  of  the  space  encircled  by  it  being  occupied 
only  by  cartilage  or  fibrous  tissue.  External  to  this  prominence 
is  a  depression  indicating  the  position  of  the  tympanum.     The 

17—2 
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bone  is  here  very  thin;  and,  in  the  dry  state,  the  tympanic  cavity 
is  sometimes  exposed^.  Still  more  outwardly  is  a  ridge,  which  is 
continuous  behind  with  the  prominent  anterior  margin  of  the  canal 
for  the  lateral  sinus,  and  which  corresponds  with  the  line  of 
attachment  of  the  membrana  tympani.  Near  this  ridge  a  fissure 
may  be  sometimes  seen  extending  from  before  backwards  between 
the  petrous  and  squamous  portions;  it  results  from  an  incomplete 
union  of  the  two  parts.  On  the  inner  side  of  the  prominent 
superior  semicircular  canal  is  a  depression  over  the  vestibule, 
followed  by  an  elevation  for  the  cochlea.  Internal  to  the  latter 
is  another  depression,  near  the  extremity  of  the  bone,  in  which  is 
lodged  the  ganglion  of  the  fifth  pair  of  nerves.  The  convolu- 
tions of  the  brain  are  adapted  to  these  eminences  and  depres- 
sions, with  the  exception  of  the  one  last  mentioned,  and  are 
therefore  pretty  regular  at  this  part.  On  the  hinder  surface, 
between  the  internal  auditory  foramen  and  the  slit-like  orifice 
for  the  aqueduct  of  the  vestibule,  is  a  transversely  elongated 
eminence,  which  marks  the  position  of  the  inferior  semicircular 
canal. 

The  prominent  angle  formed  by  the  union  of  the  two  cerebral 
surfaces  of  the  petrous  portion  is  truncated  by  the  groove  for 
the  superior  petrosal  sinus.  It  is  received  into  the  interval 
between  the  cerebrum  and  cerebellum,  and  it  gives  attachment 
to  the  tentorium,  which,  in  some  carnivorous  animals,  is  a  bony 
lamina,  extending  from  this  edge  to  the  occipital  and  parietal 
bones. 

The  carotid  canal  by  its  sharp  bend  ffives  a  corre- 

Carotid  canal.  .  ''  .  . 

sponding  curve  to  the  artery,  which  assists  to  break  the 


1  This  is  worthy  of  remark  because,  in  chronic  disease  of  the  tympanum,  ulceration 
sometimes  extends  through  at  this  point,  giving  rise  to  fatal  inflammation  of  the  mem- 
branes of  the  brain.  Abscesses  of  the  brain,  or  between  the  membranes,  are  said 
occasionally  to  have  found  a  vent  in  this  direction,  to  the  temporary  or  permanent 
relief  of  the  patient.  Abercrombie,  Diseases  of  the  Brain,  p.  38.  It  is,  however, 
most  probable  that  in  all  such  cases  the  bone  was  the  primary  seat  of  the  disease. 
Moreover,  this  thin  roof  of  the  tympanum  is  often  traversed  by  fractures  at  the  base  of 
the  skull ;  and,  the  closely  adhering  dura  mater,  with  its  arachnoid  epithelium,  being 
torn,  together  with  the  membrana  tympani,  the  fluid  of  the  arachnoid  cavity  may 
escape  through  the  ear. 
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jerk  of  the  column  of  blood  passing"  through  it.  Its  proximity 
to  the  labyrinth  may  be,  in  part,  a  cause  of  that  whizzing  sound 
which  is  experienced,  synchronously  with  the  pulse,  by  some 
anjemic  patients.  The  vessel  lies  at  one  part  close  to  the  eusta- 
chian tube,  separated  from  it  only  by  a  thin  layer  of  cartilage  or 
fibrous  tissue.  A  small  process  of  bone  projecting  into  the  canal 
sometimes  separates  a  lower  naiTOW  groove,  which  transmits 
branches  of  the  sympathetic  and  other  nerves  and  some  absorbent 
trunks,  from  the  upper  larger  part  of  the  canal  which  is  occupied 
by  the  artery.  Mr  Guthrie^  has  "  seen  fracture  pass  across  the 
canal  for  the  carotid  artery  and  exti-avasation  of  blood  caused  by 
its  rupture;  a  fact  which  has  also  been  noticed  by  Bohn." 
Tym  anic  or-  ^^^^  tympanic  bouc  forms  the  lower  four-fifths  of 

^°^-  the  circle  to  which  the  membrana  tympani  is  attached 

and  part  of  the  floor  of  the  tympanic  cavity.  Its  external  edge  is 
thick  and  rough  for  the  connection  of  the  cartilaginous  prolonga- 
tion of  the  external  meatus.  Behind,  it  is  applied  against  the 
mastoid  process  (though  often  partially  separated  from  it  by  a  deep 
narrow  channel),  the  stylo-mastoid  hole,  the  styloid  process, 
and  the  jugailar  fossa.  In  fr'ont  it  is  separated  from  the  glenoid 
cavity,  the  post-glenoid  process,  and  the  middle  root  of  the  zygoma, 
by  the  Jissura  Glaseri.  Inferiorly  it  is  prolonged  into  a  sharp 
ridge,  which  extends  as  far  as  the  carotid  canal,  and  forms  the 
boundary  between  the  parotid  and  jugular  fossee.  The  part 
corresponding  with  this  ridge  is,  in  many  animals,  swelled  out  into 
a  bulbous  appendage  to  the  tympanum. 

The  styloid  bone  varies  much  in  size  and  shape; 

styloid  portion.  .  .       .  .  f  i 

sometmies  it  is  two  inches  long,  it  has  been  lound 
composed  of  several  pieces  imited  by  cartilage;  and  occasionally 
it  is  very  thick,  with  a  medullaiy  cavity  in  its  interior^.  It 
commonly  swells  out  a  little  near  the  extremity,  where  the  stylo- 
glossus muscle  is  attached. 

Each  temporal  bone  is  wedged  and  dovetailed  into 
temporal  with   the  lowcr  part  of  the  skull,  and  enclosed  between  the 

other  bones.  ^  •  ^  -\  •    •  j_   ^     •  i  i_  i 

sphenoid  and  occipital,  m  such  a  manner  as  to  render 


1  Injuries  of  the  Head,  p.  73.  ^  Hyrtl,  Anatomie,  a.  li 


262  THE   SKULL. 

it  almost  impossible  that  it  should  be  displaced  in  any  direction 
without  fracture.  It  is  worth  while  to  examine  its  margin  care- 
fully all  round,  to  observe  the  manner  of  its  connection  with  the 
The  mastoid  surrouuding  boucs.  Beginning  at  the  hinder  part  of 
edge.  {iq  mastoid  portion,  where  it  is  joined  with  the  occipital, 

we  find  the  margin  not  deeply  serrated,  nor  very  obliquely  cut ; 
it  is  slanted,  however,  a  little,  at  the  expense  of  the  inner  table 
above  and  of  the  outer  table  below.     Then  we  come  to  a  remark- 
able  flat   triangular    surface — the    jugular    facet — iust 

The  jugular  facet  ^  °    _  ...  . 

and  ridge  ascend- behind  the  Styloid  process.  This  is  united  by  a  thin 
layer  of  cartilage  to  a  corresponding  facet  at  the  ex- 
tremity of  the  jugular  process  of  the  occipital  bone,  which  runs 
out  almost  transversely  to  meet  it,  and  which  forms  a  very  strong 
buttress  to  support  the  temporal  bone  and  to  prevent  its  being 
driven  inwards  and  forwards.  The  jugular  process  we  have  already 
(p.  235)  seen  to  be  connected  by  a  strong  bony  arch  with  the 
condyle  of  the  occipital  bone.  The  ti'iangular  facet  of  the  tem- 
poral which  it  supports  is  surmounted  by  the  strong  ridge  at  the 
back  part  of  the  petrous  bone,  which  forms  the  anterior  margin  of 
the  groove  for  the  lateral  sinus,  and  which,  ciu-ling  backwards 
to  the  point  of  junction  of  the  squamous  with  the  mastoid  bone — 
to  the  point,  that  is,  where  there  is  a  sudden  change  in  the  direction 
of  the  sutiu'e  with  the  parietal — ,  has  to  bear  great  part  of  the 
weight  of  the  parietal  bone.  Thus  the  brunt  of  the  weight  of  the 
parietal  bone  is  transmitted  along  this  ciu'ling  ridge  to  the  jugular 
process,  and  thence  directly  to  the  occipital  condyles. 
The  jugular  Immediately   in   front  of  this  jugular  facet  is  the 

fossa:  deep  jugular  fossa,   a   part   of  the  foramen   lacerum, 

where  is  lodged  the  termination  of  the  lateral  sinus,  which  makes 
a  sweep  and  bulges  a  little  here  previous  to  its  becoming  the 
jugular  vein.  The  fossa  is  lined  by  fibrous  tissue,  between  which 
and  the  bone,  or  in  a  groove  in  the  latter,  runs  transversely  the  small 
filament  from  the  vagus,  which  perforates  the  wall  of  the  "  aque- 
duct of  Fallopius  "  to  reach  the  facial  nerve.  It  is  surmounted 
by  a  sharp  notched  overhanging  edge,  from  which  strong  bands  of 
fibrous  tissue  pass  over  the  lateral  sinus  to  the  adjacent  prominent 
margin  of  the  occipital  bone.     At  one  point  the  overhanging  edge 
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rims  out  into  a  distinct  process,  almost  touching  the  occipital  bone 
and  connected  with  it  by  a  strong  fibrous  band.  This  process 
its  separation  Separates  the  "jugular  fossa"  from  the  remaining  nar- 
fromtiierestof  j^.Q^  p^^j.^  ^f  ^|^g  a  foramen  laccrum  "  which  transmits 

the  wall  of  the  ■■■ 

foramen  lace-     the   eighth   ncrvc;    and   this   narrower   part   is   again 

mm.  it"^iti  tt  r^  •• 

subdivided,  by  a  delicate  process  of  bone  jutting  out 
from  the  temporal  to  meet  a  corresponding  process  from  the  occi- 
pital, into  a  small  anterior  channel  which  transmits  the  glosso- 
pharyngeal nerve  and  a  larger  posterior  channel  which  transmits 
the  vagus  and  accessory  nerves. 

In  front  of  the  foramen  lacerum  the  convex  rough 

Union  \vith  ba- 
silar portion  of  sm'face   of  the  petrous  bone  is    adapted    to    a   concave 

occipi .  ,  si^n-face  on  the  side  of  the  basilar  part  of  the  occipital. 

The  upper  edge  of  this  convex  sm'face  overhangs  the  basilar 
process,  is  sharp  and  notched,  and  gives  attachment  to  strong 
fibrous  bands,  which,  passing  over  the  inferior  petrosal  sinus,  are 
connected  with  the  rising  margin  of  the  occipital  bounding  the 
channel  for  that  sinus.  Beneath  the  notched  edge  just  mentioned 
is  a  distinct  groove  which  receives  the  sharp  dentated  edge  of  the 
basilar  process.  Beneath  this  again  is  a  peculiar  rough  surface, 
which  is  united  by  means  of  strong,  thick,  ligamentous  tissue  with 
the  corresponding  rough  lateral  sm-face  of  the  basilar  process.  One 
or  more  separate  portions  of  bone  are  occasionally  found  here 
imbedded  in  the  ligamentous  tissue. 

and  adjacent  "^^^^   tougli    ligamentous   tissuc,   whicli  unites   the 

edge  of  sphenoid,  approximated  Under  sm-faces  of  the  petrous  and  occi- 
pital bones,  is  continued  romid  the  anterior  extremity  of  the  former, 
along  the  lower  edge  of  the  carotid  canal;  and,  passing  from  it  to 
the  adjacent  sm-face  of  the  sphenoid,  connects  these  bones  very 
firmly  together,  forms  a  continuation  of  the  carotid  canal,  and 
closes  the  faramen  lacerum  tnedium.  A  portion  of  the  petrous  bone 
forming  the  lower  boundary  of  the  carotid  canal  is  sometimes 
separate  from  the  rest  of  the  bone  and  lies  imbedded  in  this  tissue, 
like  those  just  mentioned  between  the  petrous  and  occipital^ 


1  An  independent  osseous  nucleus  at  the  extremity  of  the  petrous  bone  was  re- 
marked by  Cortese  in  1625,  and  was  hence  called  ossiculum,  sesamoideum  Coriesii.     It 
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The  retiring  angle  between  the  petrous  and  the  squamous 
bones,  which  is  continuous  with  the  fissura  Glaseri  and  so  with 
the  tympanum,  receives  the  spine  of  the  sphenoid,  and  the  convex 
anterior  edge  of  the  squamous  bone  is  received  into  the  concavity 
of  the  great  ala  of  the  sphenoid.  The  interlocking  of  the  two 
bones  is  further  increased  by  the  bevelling  of  the  squamous  edge 
at  the  expense  of  the  outer  table  below  and  of  the  inner  table 
above.  The  remainder  of  the  convex  squamous  edge  is  very 
obliquely  cut  to  permit  of  its  overlapping  and  embracing  the 
concave  edge  of  the  parietal.  At  the  junction  of  the  mastoid, 
however,  a  sudden  change  takes  place.  The  bone  is  thicker,  there 
is  much  less  obliquity  of  its  edge,  so  that  it  supports  the  parietal 
in  a  more  firm,  direct  manner ;  and  the  outer  table  is,  as  before 
said,  cut  rather  lower  than  the  inner. 

Of  the  five  centres  of  ossification  from  which  the 

Development.  i    i  •       t         i  i  ^  i 

temporal  bone  is  developed,  two — the  squamous  and 
tympanic — are  formed  in  membrane ;  the  others — the  mastoid, 
the  petrous,  and  the  styloid — are  formed  in  cartilage.  Ossification 
begins,  about  the  middle  of  the  third  month,  at  the  lower  part  of 
the  squamous  portion.  It  radiates  thence  to  the  temple,  the 
zygoma^  and  the  glenoid  cavity.  An  osseous  nucleus  soon  after 
appears  at  the  lower  part  of  the  tympanic  ring.  In  the  fourth 
month  osseous  specks  are  seen  in  the  cartilage  of  the  petrous 
portion,  in  the  situation  of  the  labyrinth;  these  spread  so  as 
gradually  to  cover  in  the  vestibule,  the  semicircular  canals  and  the 
cochlea.  Ossification  begins  in  the  cartilage  of  the  mastoid  portion 
at  about  the  same  time^.  At  birth  the  several  pieces  are  united 
together;  or  they  become  so  very  soon  after  birth.  Ossification  is, 
by  this  time,  completed  in  the  squamous  and  zygomatic  portions. 


has  also  been  observed  by  E-iolan  (Monro's  Anatomy  of  the  Human  Bones,  Edinburgh, 
'732)j  by  Meckel,  and  Hyrtl. 

■'■  If  the  zygomatic  process  ever  originates  in  a  separate  nucleus,  which  an  observa- 
tion of  Beclard  (Meckel's  Archiv,  vi.  427)  renders  probable,  it  becomes  very  quickly 
united  to  the  squamous. 

^  Beclard  says  the  mastoid  is  usually  an  outgrowth  from  the  petrous,  but  that 
sometimes  one  or  two  separate  nuclei  appear  in  it  and  quickly  unite  with  the  petrous. 
Kerkringius,  de  Osteogenia  fcetuum,  cap.  v.  describes  one  or  more  separate  nuclei  in  it. 
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The  glenoid  caAatj  is  also  formed  and  is  covered  by  a  very  tliin 
layer  of  cartilage.  It  is  of  comparatively  small  size,  and  the 
eminence  in  front  of  it  is  scarcely  to  be  seen.  The  mastoid  part 
is  quite  tlat,  there  being  no  trace  of  mastoid  process.  The  petrous 
bone  is  complete,  except  at  its  base  or  outer  surface,  where  there 
is,  in  places,  a  thin  layer  of  cartilage  between  it  and  the  squamous 
portion :  also  between  the  superior  semicircular  canal  and  the 
internal  auditory  foramen  (PI.  IV,  fig.  1  l)  there  is  a  vacancy. 
The  tympanic  portion  consists  of  a  mere  ring,  or  rather,  a  horse- 
shoe-like portion  of  bone,  for  it  is  deficient  in  about  the  upper 
eighth  of  its  circumference.  Its  two  extremities  are  united  to 
the  squamous  bone — the  hinder  at  about  the  seventh,  the  anterior 
at  about  the  eighth  month ;  the  remainder  of  its  circle  is  free 
for  some  time  after  birth.  It  slants  very  oblic[uely  inwards 
towards  the  base  of  the  skull ;  so  that,  although  its  upper  and 
outer  extremities  are  close  beneath  the  zygoma,  its  convex  lower 
and  inner  edge  is  near  to  the  carotid  foramen.  Its  concave  border, 
to  which  the  "  membrana  tympani"  is  attached,  is  finely  serrated; 
its  convex  edge,  applied  against  the  petrous  bone,  is  more  smooth. 

The  cutaneous  tube  which  forms  the  external  meatus  and 

The  external  ^  .  ,  .     ,  •        t 

auditorrpas-  the  auditory  passage,  is,  at  birth,  very  narrow;  its  diameter, 
sage  and  ^  ^-^q  crreater  part  of  its  length,  being  much  less  than  that 

membrana  or  o      ->  o 

tympani  at  of  the  tympanic  bone  and  the  membrana  tympani.  At  its 
inner  part,  near  the  tympanum,  it  is  suddenly  expanded, 
trumpet-like,  to  the  same  size  as  the  drum,  and  its  wall,  which  is 
tough,  fibrous  or  fibro-cartilaginous,  splits  into  two  layers  and  embraces 
the  tympanic  bone  between  them.  The  innermost  of  these  layers, 
reflected  inwards  over  the  concave  margin  of  the  bone  and  held  to 
it  by  its  dentated  edge,  forms  the  membrana  tympani,  which,  like  the 
"ossicula  auditus,"  is  of  nearly  the  same  size  as  in  the  adult.  The 
outer  layer  passes  over  the  convex  border  of  the  bone  to  the  adjacent 
edge  of  the  petrous  bone,  against  which  it  is  applied,  and  to  which  it 
becomes  attached  as  well  as  to  the  tympanic  bone.  It  is  thus  the 
medium  of  union  between  the  tympanic  and  petrous  bones,  holding  the 
former  in  its  place.  If  it  be  divided  the  tympanic  bone  is  easily  dis- 
placed from  its  position.  At  the  upper  part,  where  the  tympanic  bone 
is    deficient,  the  membrane   of  the   auditory  passage  is  united  to  the 
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squamous  bone  and  is  reflected  from  it  upon  tlie  tympanum.  The 
narrow  auditory  canal  is  directed  towards  this  upper  part,  and  con- 
sequently the  sudden  expansion  near  the  drum  affects  chiefly  its  lower 
wall  and  sides. 

changes  after  After  birth,  tlic  Zygomatic   and   mastoid   portions, 

birth.  arching    over    the    external    auditory    meatus,    prolong 

the  upper  wall  of  the  auditory  passage,  while  the  gradually  in- 
creasing depth  of  the  tympanic  bone  prolongs  its  lower  wall  and 
sides.  The  latter  bone  becomes  blended  with  the  mastoid  and 
petrous  bones;  but  remains  partially  separated  from  the  zygomatic 
and  glenoid  portions  of  the  squamous  by  the  fissura  Grlaseri.  It 
grows  by  the  increase  of  its  inner,  as  well  as  by  that  of  its  outer 
border,  so  as  to  enlarge  the  cavity  of  the  tympanum.  By  virtue  of 
this  growth  the  membrana  tympani  gradually  acquires  a  more 
vertical  position,  and  its  lower  border  becomes  distanced  from  the 
carotid  foramen;  at  the  same  time  the  lower  edge  of  the  tympanic 
bone  becomes  prolonged  into  the  sharp  ridge  which  separates  the 
parotidean  from  the  jugular  fossa. 
^       ^.      „  The  mode  in  which  the  formation  of  the  lower  wall  of 

Formation  of 

the  lower  wall  the  auditory  passage  takes  place  is  as  follows :  at  birth  we 
auditory  pas-  '"^^J  commonly  discern  small  dentated  processes  (C  and  D  in 
sage.  gg_  2^  -pY  XVI.)  jutting  out  from  the  concave  edge  of  the 

tympanic  bone  at  its  fore  and  hinder  part.  These  processes,  growing 
beneath  the  membrana  tympani,  and  approaching  one  another,  shortly 
coalesce  so  as  to  form  a  more  or  less  broad  bar  or  plate,  extending  across 
the  floor  of  the  auditory  passage.  The  outer  jagged  edge  of  this  plate 
gives  attachment  to  the  fibrous  cartilage  of  the  tragus.  Between  its 
inner  edge  and  the  inner  portion  of  the  tympanic  bone  a  hole  is  at 
first  enclosed;  and  the  floor  of  the  passage  is  here,  for  some  time, 
covered  in  only  by  membrane,  which,  however,  gradually  becomes  ossified. 
The  bone  usually  remains  thin  at  this  part,  and,  not  unfrequently, 
a  small  aperture  may  be  discovered  in  the  adult  bone,  resulting  from 
the  imperfect  closure  of  the  hole  just  mentioned.  The  stages  of  this 
process  will  be  better  understood  by  reference  to  the  accompanying 
plate. 

The  "fissura  Glaseri"  is  the  remains  of  the  interval  between  the 
tympanic  and  squamous  portions  of  the  temporal  bone.  It  is  wider  at 
and  before  birth  than  subsequently. 
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Altlioiigli,  in  man,  the  tympanic  bone  becomes  early  united  to  the 
squamous,  it  remains  sepai'ate  from  it  in  many  of  the  lower  animals ; 
in  some  of  these  it  is  joined  to  the  petrous  and  mastoid,  and  forms, 
with  them  and  the  styloid,  a  bone  which  continues  distinct  from  the 
squamous.  The  mastoid  portion  remains  quite  separate  in  some  animals, 
and  occasionally,  though  very  rarely,  in  the  human  skull. 

At  birth  (as  stated  page  230)  the  inferior  surface 

Otlier  changes  in 

temporal  bone  of  the  base  of  the  skull  presents  a  slight  convexity  in 
a  transverse  direction,  which  causes  the  glenoid  cavity, 
on  either  side,  to  have  an  inclination  inwards  and  downwards. 
Subsequently  the  base  becomes  rather  concave,  and  the  glenoid 
cavity  undergoes  a  corresponding  change,  and  slopes  a  little  up- 
wards towards  its  inner  part  instead  of  downwards;  the  shape 
of  the  maxillary  condyle  is  in  like  manner  altered.  'The  mastoid 
process  becomes  developed  about  the  second  year  and  hollowed 
into  air-cells  about  puberty.  The  styloid  process  is  not  ossified 
till  some  years  after  birth,  and  is  not  united  to  the  rest  of  the  bone 
till  a  variable  period  after  the  adult  age. 

.  ^  A  congenital  cleft,  traversing  the  squamous  portion,  com- 

diseases.  mencing  near  the  petrous  part  and  extending  near  to  the 

most  prominent  part  of  the  parietal  bone,  is  represented  by  Lobstein'. 
Clefts  are  also  described  by  MeckeP.  The  temporal  bone  does  not,  how- 
ever, appear  to  be  often  the  subject  either  of  malformation  or  disease. 
The  latter,  when  it  occurs,  generally  originates  in  the  mucous  membrane 
lining  the  tympanic  or  mastoid  cavities.  The  carotid  canal  has  been 
found  so  small  that  it  would  hardly  admit  a  pig's  bristle,  or  quite  closed, 
in  consequence  of  thickening  of  the  bone^  Exostoses  now  and  then 
grow  upon  the  zygomatic  portion*. 


^  Traife  d'Anat.  Path.  PI.  v.  fig.  2. 

2  Handbuch  der  Path.  Anat.  i.  339. 

3  Otto's  Path.  Anat,  by  South,  p.  172. 

*  Trans,  of  Patholo^jical  Society,  vi.  279. 
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DESCRIPTION"  OF  PLATE  XVI. 

Fig.  I.  Temporal  bone  soon  after  birth,  showing  (A,  B)  the  line  of  union  of  the 
convex  margin  of  the  tympanic  bone  with  the  petrous,  and  [E,  F)  the  points  of  union  of 
its  extremities  with  the  squamous.  In  the  interval  between  E  and  F,  it  is  wanting. 
Its  crura  have  become  elongated  and  rather  less  curved,  so  that  it  now  encloses  an 
oval  space ;  and  processes  (C,  D)  are  beginning  to  shoot  from  its  inner  margin  before 
and  behind.     G,  carotid  hole.     H,  stylo-mastoid  hole. 

Fig.  1.  Temporal  bone  of  young  child.  A,  tympanic  bone.  B,  line  of  junction 
of  tympanic  and  petrous ;  the  dotted  line  passes  over  the  process  between  carotid  hole 
(C)  and  parotidean  fossa  (Z>).  E,  fissure,  between  tympanic  and  petrous  bones,  for  the 
eustachian  tube,  tensor  tympani,  and  corda  tympani;  they  lie  all  three  together  at 
this  time,  and  become  subsequently  separated  by  plates  of  bone  growing  between  them, 
i^and  G,  processes  shooting  from  inner  margin  of  tympanic  bone,  longer  than  the 
same  processes  (Candi))  in  fig.  i.  H,  stylo-mastoid  hole.  /,  rudimentary  mastoid 
bone,  with  merely  a  trace  of  mastoid  process. 

Fig.  3.  Temporal  bone  a  little  more  advanced.  A,  C,  D,  E,  F,  G,  H,  I,  the  same 
as  in  preceding  figure.  The  processes  (i^and  G)  of  the  tympanic  bone  have  approached 
near  to  one  another. 

Fig.  4.  Under  surface  of  temporal  bone  (still  further  advanced)  with  part  of 
adjacent  hinder  edge  of  sphenoid.  A,  tympanic  bone ;  its  processes  have  coalesced, 
forming  part  of  the  floor  of  the  external  auditory  passage,  enclosing  the  hole  B,  and 
shutting  it  off  from  the  external  auditory  foramen  (C).  The  hole  {B)  is  gradually  obli- 
terated by  the  growth  of  bone  at  its  edges,  and  the  osseous  floor  of  the  external 
auditory  passage  is  thus  completed.  The  jagged  external  border  of  the  united  pro- 
cesses is  connected  with  the  cartilaginous  prolongation  of  the  auditory  passage.  D,  the 
mastoid  process  beginning  to  grow  out.  E,  the  foramen  ovale  of  the  sphenoid,  open 
behind. 

Fig.  5.  Parts  of  sphenoid  and  occipital  bones  from  foetus  at  sixth  month.  A,  tri- 
angular interval  between  bodies  of  sphenoid  (p.  271,  foot-note).  B,  lesser  alae,  short 
and  thick.  C,  process  on  side  of  hinder  body  of  sphenoid,  to  which  great  ala  is 
subsequently  attached.  The  middle  of  the  body  is  concave,  and  presents  foramina  for 
vessels.  D,  optic  foramen.  E,  process  on  inner  side  of  lesser  ala,  which,  growing 
towards  middle  line  forms  the  groove  for  olfactory  nerve.  F,  body  of  occipital, 
concave  on  its  upper  surface,  with  foramina  for  vessels.  H,  neural  process  of  occi- 
pital.    /,  anterior  condyloid  foramen  (page  237). 

Fig.  6.  Vertical  section  from  before  backwards  throiigh  body  of  sphenoid  of  a 
young  child,  showing  the  interval  left  in  the  middle  between  its  two  portions,  like  that 
between  the  component  parts  of  the  sacrum  and  of  the  axis.  A,  posterior  clinoid  process. 

B,  olivary  process.  C,  groove  for  optic  commissure.  D,  fore  part  projected  towards 
ssthmoid.  E,  part  from  which  azygos  process  grows.  F,  under  surface.  G,  surface 
for  union  with  occipital.     (See  page  272.) 

Fig.  7.     Inner  side  of  superior  maxilla  at  birth.     A,  nasal  process.     B,  alveolus. 

C,  orbital  edge.  D,  palatine  process.  E,  anterior  palatine  foramen,  with  fissure 
running  up  from  it  on  inner  side  of  nasal  process,  marking  the  division  between  maxil- 
lary and  intermaxillary  bones.  F,  lachrymal  canal.  G,  depression  on  inner  waU, 
indicating  the  commencement  of  antrum.     (See  page  285.) 
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THE   SPHENOID  BONE 

Its  connections  ^^'^^  vciy  cxteiisive  coniiectioiis,  inasmucli  as  it  forms 
and  offices.  pr,-^.^  ^f  ^l^g  Cranial,  the  orbital,  and  tlie  nasal  cavities, 
as  ■well  as  of  the  temporal,  zygomatic,  and  spheno-maxillaiy  fossas; 
it  is  also  miited  to  all  the  bones  of  the  cranium,  and  to  five  of  those 
of  the  face,  viz.  the  two  palate,  the  two  malar,  and  the  vomer.  It 
has  to  bear  the  weight  of  the  anterior  half  of  the  head  and  face, 
which  it  does  by  means  of  processes  radiating  in  various  directions 
from  its  centi-e.  Thus  the  frontal  bone  is  supported  upon  its  lesser 
and  upon  the  fore  part  of  its  greater  alge ;  the  summits  of  the  latter 
serve  as  pillars  to  the  anterior  inferior  angles  of  the  parietal  bones ; 
and  its  hinder  concave  edges  receive  and  carry  the  fore  parts  of 
the  temporal  bones,  its  spinous  processes  occupying  the  retiring 
angles  between  the  squamous  and  petrous  portions  of  those  bones. 
To  the  face  the  sphenoid  famishes,  in  the  middle,  an  attachment 
to  the  vomer,  and  through  it  to  the  septum  nasi ;  its  pterygoid 
processes  descend  to  prop  the  palate  and  maxillary  bones ;  and 
the  anterior  edges  of  its  great  alse  are  united  with  the  malar  bones. 
The  extension  of  the  gi-eat  al^e  to  the  malar  bones,  shutting  off  the 
orbits  fi-om  the  temporal  fossee,  and  contributing  so  largely  to  the 
hinder  and  outer  walls  of  the  orbits,  is  peculiar  to  the  human  and 
quadrumanous  skull,  and  has  relation  to  the  forward  position  of  the 
eyes  and  the  parallelism  of  the  optic  axes. 

Its  relation  ^hc  sphcuoid  givcs  passage  to  the  optic  nerves  and 

to  nerves.  ^q  ^\^q  scvcral  motor  nerves  of  the  eyes,  and  is  especially 
related  to  the  fifth  pair  of  nerves,  for  it  transmits  all  the  several 
branches  of  that  great  nerve  through  its  foramina  lacera,  rotunda, 
and  ovalia^.     This  relation  derives  interest  from  the  fact  that  the 


1  In  many  of  the  lower  animals  the  foramen  ovale  is  blended  with  the  foramen 
lacerum  medium ;  in  some  the  foramen  rotundum  is  blended  with  the  foramen  lacerum 
anticum ;  and  in  some  the  foramina  ovalia  and  rotunda  are  so  close  together  as  to 
appear  like  one. 


270  THE   SKULL. 

fifth  pair  of  nerves  supply  sensation  to  the  soft  parts  covering  all 
the  bones  which  are  supported  by  the  sphenoid :  thus  the  fore  part 
of  the  parietal  and  temporal,  and  the  whole  of  the  frontal,  the 
malar,  and  the  several  facial  bones  are,  directly  or  indirectly,  borne 
upon  the  sphenoid ;  and  they  all  derive  their  nervous  supply  from 
the  branches  of  the  fifth,  transmitted  through  this  bone. 

Situate  at  the  base,  the  sphenoid  connects  the  foremost  and  the 
hindmost  bones  of  the  skull,  transmitting  the  weight  of  the  anterior 
half  of  the  head  to  the  basilar  process  of  the  occipital  bone ;  and, 
stretched  across  the  base,  it  unites  the  parietals  of  the  two  sides, 
serving  as  a  clamp  to  prevent  their  separation.  For  this  purpose 
the  upper  extremities  of  its  great  alse  are  cut  obliquely  at  the 
expense  of  the  inner  table,  so  that  they  may  overlap  and  embrace 
the  anterior  inferior  angles  of  the  parietals.  Their  union  with 
the  temporals  has  already  been  described  (page  263).  The  frontal 
bone  is  borne  upon  the  broad  truncated  fore  part  of  the  upper 
extremities  of  the  great  alte,  while  the  orbital  plates  of  the  frontal 
bone  are  joined  to  the  body  and  lesser  alee.  The  delicate 
extremities  of  the  lesser  alee  are,  for  about  half  an  inch  on  either 
side,  merely  placed  in  apposition  with  orbital  plates  of  the  frontal, 
the  sutm-e  being  of  the  kind  called  "harmonia,"  without  any  ser- 
ration. In  the  rest  of  their  extent,  where  there  is  more  thickness 
of  bone,  the  serration  is  quite  distinct,  and  the  edges  of  the  alee 
generally  overlap  those  of  the  orbital  plates  of  the  frontal.  Near 
to  the  Eethmoid,  however,  the  projecting  angles  of  the  orbital  plates 
slightly  overlap  the  sphenoid ;  so  that  the  jDi'inciple  of  alternation  in 
the  direction  of  the  overlapping  at  the  sutures,  which  is  so  marked 
in  other  instances,  is  carried  out  even  here. 

The  hody  of  the  bone  is  of  large  size,  to  afford  suffi- 
cient space  for  the  attachment  of  its  various  processes. 
At  the  same  time,  to  lessen  the  weight  of  the  skull,  and  to  add  to 
the  resonance  of  the  voice,  it  is  hollowed  out  so  as  to  form  a  mere 
shell.  This  does  not  take  place  till  some  time  after  birth,  when 
the  face  is  increased  in  size,  and  when  the  growth  of  the  pterygoid 
processes  and  the  vomer  downwards  and  forwards  is  carried  out. 
s  henoidai  "^^^  Sphenoidal  sinuses,  so  formed  in  the  middle  of  the 
sinuses.  bouc,  are  of  considerable  size;  but,  like  the  other  sinuses 
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appended  to  tlie  nose,  they  vary  a  good  deal  in  this  respect,  and 
are  commonly  unsymmetrical.  After  the  osseous  imion  of  the 
sphenoid  with  the  occipital  they  are  sometimes  extended  back- 
wards into  the  basilar  process  of  the  latter,  and  may  reach  nearly 
to  the  foramen  magnum.  They  are  separated,  often  completely, 
by  a  bony  plate,  which  commonly  bends  a  little  to  one  side  of  the 
median  line,  and  which  is  prolonged  forwards  into  the  azygos 
process.  They  may  be  further  more  or  less  subdivided  by  imper- 
fect partitions  projecting  into  them.  They  are  not  unfrequently 
involved  in  fractm-e  at  the  base  of  the  skull ;  and  are  one  source 
of  the  bleeding  into  the  nose  and  pharynx,  which  is  a  common 
attendant  on  that  accident  (page  203). 

The  clinoid  2y)'ocesses  are  outgrowths  from  the  hinder  sm^face  of 
the  sphenoid  body;  and  serve  partly  for  the  purpose  of  deepening 
the  "pituitary  fossa^,"  and  partly  for  the  attachment  of  the  pro- 
longations of  the  tentorium.  They  correspond  with  certain  other 
processes  in  the  interior  of  the  skull,  which  give  attachment  to 
the  dm'a  mater;  such  as  the  "crista  galli"  of  the  sethmoid,  and 
•the  ridges  on  the  interior  of  the  frontal,  parietal,  and  occipital 
bones.  The  extremities  of  the  tentorium  which  rmi  fi-om  the 
posterior  to  the  anterior  clinoid  processes  are  sometimes  replaced 


^  The  "pitmtary  gland"  is  very  constant  in  vertebrata;  and  in  fishes  it  has  a 
greater  proportionate  size  than  in  others,  though  not  provided  with  a  special  "sella." 
It  is  connected  above  vnth  the  infundibular  process  from  the  third  ventricle,  and 
may  have  some  relation  to  the  passage  of  the  oesophagus  through  the  corresponding 
part  of  the  nervous  centres  in  in  vertebrata.  "Is  this  vertical  slit,"  caused  by  "the 
vertical  prolongation  of  the  third  ventricle  through  an  interspace  produced  by  the 
divarication  of  the  main  lateral  columns  of  the  encephalon,"  "homologous  with  the 
encephahc  ring  perforated  by  the  oesophagus  in  invertebrata  ?"  Owen's  Lectures  on 
Comparative  Anaioray,  ii.  i8i.  The  "pineal  gland"  is  a  membrano-vascular  growth 
from  the  upper  part  of  the  third  ventricle,  corresponding  with  the  pituitary  gland ; 
and,  like  it,  is  a  constant  appendage  to  the  brain  of  fishes,  is  of  far  greater  propor- 
tionate size  in  them  than  in  mammals,  and  may  have  some  relation  to  the  disposition 
of  the  oesophagus  in  invertebrata.  It  is  interesting  to  observe,  in  connection  with 
the  comparison  thus  suggested  between  these  parts  and  the  anatomy  of  invertebrata, 
that  the  imion  between  the  two  parts  in  which  the  body  of  the  sphenoid  is  formed 
takes  place  last  just  beneath  the  infundibulum  ;  and  an  interval,  traversing  the  bone 
from  above  downwards,  remains  for  some  time  between  the  two  portions.  PI.  XVI. 
fig.  5  A.  page  268. 
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by  bone;    they  contribute   to  the    strength   of  the   body   of  the 
sphenoid. 

The  width  of  the  body  of  the  sphenoid  is  propor- 
bodyofthe  tionate  to  the  width  of  the  sethmoid  bone  and  to  the 
ScoTn'ec-''"'^  interval  between  the  orbits.  It  is  greater,  therefore,  in 
tions  with         j^^j^  than  in  the  lower  animals.     In  many  of  the  latter 

other  bones. 

indeed— in  rodents  and  others — the  body  is  very  narrow, 
and  the  optic  foramina,  which  in  man  are  separated  by  a  long  trans- 
verse groove  whereon  lies  the  optic  commissm'e,  are  blended  to- 
gether ^  It  terminates  posteriorly  a  little  behind  the  level  of  the 
hinder  edges  of  the  great  alse  and  the  pterygoid  processes.  The 
hinder  surface  is  uneven,  like  that  on  the  jugular  process  of  the 
temporal,  and,  is  till  middle  age,  joined  to  the  basilar  portion  of 
the  occipital  by  cartilage.  Ossification  of  the  intervening  cartilage 
begins  at  the  upper  part  and  travels  downwards,  cementing  the 
two  bones ;  so  that,  after  a  certain  period,  the  line  of  their  union 
can  scarcely  be  distinguished,  or  is  only  indicated  by  a  faintly 
nodulated  ridge  extending  transversely  across  the  cranial  surface 
a  little  behind  the  posterior  clinoid  processes.  The  anterior  and 
upper  surface  of  the  body  of  the  sphenoid  is  prolonged  forwards 
into  a  thin  conical  plate  which  reaches  the  hinder  retiring  edge 
of  the  cribriform  plate  of  the  sethmoid.  It  is  overlapped  a  little 
by  the  angles  of  the  orbital  plates  of  the  frontal  bone.  Some- 
times there  are  one  or  more  separate  nuclei,  or  wormian  bones 
developed  here,  which  may  appear  to  belong  either  to  the  sphenoid, 
the  frontal,  or  the  cribriform  plate  of  the  sethmoid  bone. 

The  sphenoid,  in  reality,  consists  of  two  bones,  an 

Development.  .  ,  .  ,  .    ,  .  ,  , 

anterior  and  a  posterior,  which  unite  together  about  the 
situation  of  the  olivary  tubercle,  near  the  time  of  birth ^.  Each  of 
these  is  developed  in  three  divisions  from  three  or  more  nuclei. 


^  In  some  monoptic  human  monsters  there  is  only  one  optic  hole  which  is  in  the 
median  line. 

^  These  remain  separate  in  some  quadrumana,  and  in  many  other  animals;  and 
in  the  human  skull  a  more  or  less  distinct  fissure  occasionally  extends  obliquely  in- 
wards and  forwards  from  the  root  of  the  anterior  clinoid  process,  on  either  side, 
indicating  the  line  of  union  of  the  two  bones. 
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One  in  the  middle  line  for  tlie  body,  wliicli  appears,  shortly  after 
that  for  the  basilar  process  of  the  occipital  bone,  in  the  cartilage 
forming  the  base  of  the  primitive  craninm.  Previously  to  the 
appearance  of  these,  in  the  third  month,  ossification  begins  in  the 
great  aire,  and  is  soon  followed  by  nuclei,  on  the  outer  side  of 
the  optic  foramina,  for  the  lesser  alas;  and,  near  the  same  time, 
the  internal  pterygoid  processes  are  developed  from  separate  nuclei. 
There  are  thus  ten  centi-es  for  this  bone,  which  all  become  united 
into  one  about  the  time  of  birth. 

The  following  account  of  the  development  of  the  sphenoid  is 
given  by  MeckeP : 

Ossification  takes  place  in  it  later  than  in  any  of  the  cranial  bones, 
except  the  jethmoid.  It  is  first  observed,  during  the  third  month,  in  each 
great  ala,  near  the  foramen  rotundum,  and  extends  outwards  into  the  ala 
and  downwards  into  the  external  pterygoid  pi-ocess.  Soon  an  independent 
point  appeal's  in  the  internal  pterygoid  process,  and  another  in  the  lesser 
ala  on  the  outer  side  of  the  optic  foramen.  So  that  at  the  end  of  the 
tliird  month  there  are  six  centres  of  ossification.  The  external  pterygoid 
process  is  an  outgrowth  from  the  great  ala.  In  the  fourth  month  a 
nucleus  appears  in  the  hinder  part  of  the  body,  on  either  side  of  the 
middle  line :  these  soon  become  united  into  one  median  nucleus ;  and,  on 
each  side  another  ossifying  point  is  added,  nearly  over  the  internal  ptery- 
goid process.  In  the  sixth  month  a  separate  nucleus  forms  in  the  lesser 
ala,  on  the  inner  side  of  the  optic  hole.  In  the  seventh  month  two  other 
ossifying  points  are  added  in  the  fore  part  of  the  body^  between  the 
central  nucleus  and  the  inner  ends  of  the  lesser  alae.  The  bone  now 
presents  a  greater  number  of  nuclei  than  at  any  other  time;  namely, 
five  for  the  body,  four  for  the  great  alas  and  internal  pterygoid  processes, 
and  four  for  the  lesser  alse.  From  this  time  the  number  is  diminished 
by  their  union  with  one  another.  During  the  seventh  month  the  three 
hinder  nuclei  in  the  body  unite  into  one;  and  the  two  anterior  do 
so  likewise.  Diuring  the  eighth  month  the  two  remaining  nuclei  of  the 
body  become  united,  the  great  alse  are  joined  to  the  pterygoid  processes, 
and  the  two  nuclei  of  each  lesser  ala  also  become  united.  So  that  the 
number  of  centres  is  no'w  reduced  to  five.  The  lesser  alee  next  unite 
with  the  body.     This  is  the  stage  at  which  it  has  commonly  arrived  at 

^  Archiv.  I. 

18 
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birth.  The  bone  at  that  time,  therefore,  consists  of  three  portions,  viz. 
the  body  united  with  the  lesser  alse  forming  one,  and  the  great  ala  and 
pterygoid  process  forming  another  on  either  side.  The  nnion  of  these 
remaining  parts  is  completed  soon  after  birth.  The  cornua  are  developed 
subsequently.  If  we  take  them  into  account  the  bone  is  formed  from 
fifteen  separate  centres  of  ossification  \ 

,      .^  The  Sphenoidal  cornua  were  first  described  by  Bertin^ 

cornua.  They  appear  in  the  thii'd  year  as  delicate  osseous  laminae, 

which  become  curled  as  they  grow,  so  as  to  present  a  concave  surface  to- 
wards the  sphenoidal  sinuses.  Thus  they  increase  the  size  of  those  cavities 
and  form  part  of  their  anterior  wall.  At  the  same  time  the  margins  of 
the  cornua  become  more  closely  applied  to  the  circumference  of  the 
sinuses,  and  about  the  tenth  or  twelfth  year  are  united  with  it.  The 
line  of  their  union  may  be  distinguished  long  after.  They  sometimes 
become  united  with  the  sethmoid  rather  than  with  the  sphenoid,  and 
when  the  bones  are  separated  remain  attached  to  the  former. 

The  sphenoid  is  not  often  the  seat  of  disease.  Portal^  found  it 
carious  in  some  children  who  died  of  small-pox.  It  is  often  involved  in 
fracture  at  the  base  (p.  204);  and  the  sphenoidal  sinus  has  been  per- 
forated by  the  end  of  a  cane  which  passed  through  the  nose  into  the  skull, 
breaking  off"  and  cariying  before  it  the  posterior  clinoid  process*. 


THE   ETHMOID   BONE,     (PI.  XIII.  and  XV.) 
-,   ^ .,  ^    ^     like   the  frontal  and   the  sphenoid,  contributes  to  the 

Contributes  to  ^  ' 

the  formation    formation  of  the  cranial  cavity,  the  orbits,  and  the  nasal 

of  each  of  the  t     f         •   i  t    •  •  c 

adjacent  fossge.     It  lumishes  a  good  illustration  of  the  manner  in 

which  the  bones  of  the  skull  are  made  to  combine  together 


^  Beclard  assigns  somewhat  earlier  periods  for  the  appearance  of  the  several  nuclei ; 
that  for  the  great  alte  from  the  45th  to  the  50th  day ;  for  the  hinder  part  of  body  from 
the  50th  to  the  60th  day;  for  the  fore  part  of  the  body  from  the  6th  to  the  7th  month ; 
the  7th  month  for  the  cornua.  Blandin,  Anatomie,  I.  94,  says  the  number  of  nuclei 
described  by  Meckel,  as  contributing  to  form  the  body  are  altogether  exceptional; 
there  being  usually  only  one  in  the  fore  and  one  in  the  hinder  part.  Mr  Ward, 
Human  Osteology,  p.  47,  has  seen  a  wormian  bone  in  the  lesser  wing  and  four  in 
the  suture  between  the  sphenoid  and  isthmoid  bones. 

2  ilemoires  de  l' Academic  Roy  ale  des  Sciences,  1744. 

3  Anat.  Med.  Tom.  i.  p.  138. 

^  Dublin  Journal,  185 1,  p.  347. 
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to  cover  in  tliese  cavities ;  so  tliat  eacli  of  tlie  cavities  is  walled  in 
hj  portions  of  several  bones,  instead  of  being  formed  by  one  or  two. 
Tluis  the  ffitlimoid  forms  a  small  part  of  the  brain-case,  a  part  of 
the  orbit,  and  a  part  of  the  nose ;  it  assists,  moreover,  to  close 
each  of  the  three  facial  or  nasal  sinnses  (the  frontal,  sphenoidal, 
and  maxillary).  So,  on  the  other  hand,  the  ^ethmoidal  cells  are 
not,  in  any  one  direction,  completely  closed  by  the  wall  of  the 
bone  itself,  bnt  are  indebted,  for  a  part  of  their  parietes,  to  contri- 
butions from  all,  or  most  of,  the  surrounding  bones;  they  are  closed 
above  by  the  frontal,  behind  by  the  sphenoid  the  sphenoidal 
cornua,  and  the  palate,  on  the  sides  by  the  ossa  unguis,  in  front  by 
the  nasal,  and  below  by  the  superior  maxillary. 

The  lateral  masses,  which  make  up  the  chief  parts  of  the  £etli- 
moid,  are  formed  of  two  plates,  an  outer  presenting  in  the  orbit  and 
called  the  os  p/cfwwwi\  and  an  inner  descending  from  the  cribriform 
plate,  parallel  with  the  septum,  and  terminating  below  in  the 
superior  turbinate  bone.  These  two  are  connected  by  delicate, 
vertical,  slightly  cmwed  plates,  which  pass  across  and  divide  the 
ethmoidal  intermediate  space  into  a  series  of  cavities  or  cells, 
cells.  generally  seven  in  number,  placed  in  front  of  one  an- 

other. These  cells  are  of  square  or  oblong  shape,  and  vary  in 
size  and  number,  according  to  the  more  or  less  incomplete  forma- 
tion of  the  delicate  plates  which  separate  them.  They  are  closed 
above  by  the  frontal  bone,  and  the  foremost  communicate  with 
the  fr'ontal  sinuses.  They  increase  in  size  from  before  back- 
wards, according  to  the  increasing  width  of  the  sethmoid,  are 
quite  separate  from  one  another  in  the  perfect  bone,  and  have, 
at  the  inner  and  lower  part,  separate  openings  into  the  nasal 
meatus.  The  three  hinder  and  larger  cells  open  into  the  superior 
meatus.  The  four  anterior  and  smaller  open  into  the  middle 
meatus  by  a  passage  of  considerable  size,  which  is  common  to 
them  T\'ith  the  fr-ontal  sinus.  CmTcnts  of  air  must  be  continually 
passing  to  and  fro  between  the  cells  and  the  nasal  meatus;  thus 
they  mav  contribute,  in  some  way,  to  promote  the  sense  of  smell. 


1  In  some  Quadrumana  and  in  most  Camivora  the  sethmoid  does  not  enter  into  the 
formation  of  the  orbit  at  all,  but  is  quite  enclosed  between  the  frontal  and  palate- 
bones  which  unite  together,  so  that  the  os  planum  does  not  exist. 

18—2 
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But  the  influence  of  tlie  astlimoidal  cells  in  aiding  the  olfactory- 
organ  cannot  be  very  great,  and  must  be  quite  secondary  to  their 
use  in  lessening  the  weight  of  the  fore  part  of  the  skulP.  The 
osseous  plates  bounding  the  cells  are  very  thin,  so  thin  that  they 
derive  their  nutritious  supply  from  the  vessels  ramifying  on  their 
exterior,  and  have  no  need  of  haversian  canals  in  their  substances. 
Turbinate  '^^^®  turbinate  hones  which  form  the  inner  part  of  the 

portions.  lateral  masses,  and  upon  which  the  olfactory  nerve  is 

chiefly  distributed,  are  very  simple  in  comparison  with  their  more 
complex,  involuted,  and  plicated  forms  in  many  animals.  In  the 
Seal,  for  instance,  they  subdivide  into  a  multitude  of  plates,  like 
the  leaves  of  a  book,  affording,  it  has  been  computed,  a  surface  of 
120  square  inches  in  each  nostril.  In  man  they  are  merely  curled 
plates,  forming  about  a  half  or  two-thirds  of  a  circle,  with  slight 
transverse  ridges  and  a  few  large  channels  in  their  concavities  to 
strengthen  them  and  carry  blood-vessels.  Their  convex  surfaces 
are  more  channelled  and  spongy  for  the  distribution  of  vessels, 
particularly  the  inferior  and  anterior  surfaces  of  the  lower  ones, 
which  are  flattened  and  slanted  a  little  upwards  to  catch  the  inspired 
current  of  air.  Here  the  finer  branches  of  the  olfactory  nerves 
ramify  in  the  schneiderian  membrane,  and  here  (as  stated  at  p.  219) 
it  seems  that  the  sense  of  smell  is  most  acute.  A  third  ssthmoidal 
turbinate  bone,  situated  above  the  others,  has  been  occasionally 
found  on  either  side^. 

Perpendicular  TliG  joerpendicular  jylute  is  thin  in  the  middle,  and  is 

plate.  generally  inclined  a  little  to  one  side.    It  varies  in  size^. 

Above  it  is  grooved  on  either  side  by  channels  for  the  descending 
olfactory  nerves.  Behind,  its  smooth  edge  is  applied  against  the 
anterior  median  lamina  of  the  sphenoid,  and  is  united  to  it  by 
"harmonia;"  it  presents  below  a  notch  for  the  reception  of  the 


^  This  is  in  accordance  with  the  fact  that  their  size  in  the  various  skulls  of  man 
and  animals  corresponds,  not  with  the  acuteness  of  the  sense  of  smell,  but,  like  the 
cavity  in  the  body  of  the  sphenoid,  with  the  width  of  the  septum  between  the  orbits, 
and  the  more  or  less  vertical  direction  of  the  face. 

^  Hildebrandt's  Anatomie,  II.  86. 

2  Mr  Ward  {Osteology,  p.  132)  has  seen  it  exterid  a  quarter  of  an  inch  beyond  the 
nasal  bones  and  articidated  with  the  whole  length  of  the  vomer. 
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azygos  process  of  tliat  bone  (PI.  XIII.  fig.  1,  C).  Below,  there  is 
a  rough  edge  or  groove  for  union  Avith  the  vomer.  In  front,  its 
sloping  edge  is  thick  and  rough  for  junction  with  the  cartilage  of 
the  septum  nasi.  Its  anterior  extremity  is  prolonged  forwards, 
beneath  the  frontal  sinuses,  to  the  suture  of  the  nasal  bones  along 
Avhieh  it  is  applied  nearly  to  their  lower  edge  (PI.  XIII.  fig.  1,  /). 
Cribriform  ^lic  foramiua  of  tlic  Cribriform  plate,  about  forty  in 

plate.  ^\\^  ^^Q  disposed  in  three  roAvs  on  either  side.     The  in- 

nermost and  largest,  though  least  numerous,  are  close  to  the  crista 
gain.  They  transmit  the  olfactory  nerves  and  vessels  to  the  mu- 
cous membrane  covering  the  perpendicular  plate ;  and  the  foremost 
of  them,  which  is  slit-like  and  longer  than  the  others,  gives  passage 
to  the  naso-lobular  branch  of  the  fifth  pair  of  nerves.  The  fora- 
mina of  the  outer  row  transmit  the  olfactory  nerves  to  the  turbinate 
bones;  and  those  of  the  middle  row,  which  are  the  smallest,  trans- 
mit fine  nervous  filaments  and  vessels  to  the  under  surface  of  the 
cribriform  plate  forming  the  roof  of  the  nose.  In  some  monsters 
(anencephalous  and  others)  the  cribriform  plate  is  imperforate,  or 
is  perforated  by  only  one  or  two  large  holes  through  which  the 
water  has  been  known  to  burst  from  the  cranial  cavity.  It  is 
occasionally  the  seat  of  caries,  causing  disease  of  the  dura  mater 
and  brain  ^,  and  it  has  become  perforated  by  ulceration  so  as  to 
allow  pus  and  other  fluids  to  percolate  from  the  cavity 

Crista  gallL  ,  .        ,  .    ,        . 

of  the  skulP.  The  Crista  Galli,  which  rises  along  its 
middle,  forming  a  continuation  of  the  perpendicular  plate,  serves, 
like  the  clinoid  processes  of  the  sphenoid,  for  the  attachment  of  the 
falx — one  of  the  processes  of  the  dura  mater.  It  is  commonly 
inclined  a  little  to  one  side,  usually  the  opposite  to  that  towards 
which  the  lower  part  of  the  perpendicular  plate  is  bent.  It  is  let 
into  the  frontal  bone,  and  forms  a  buttress  supporting  the  hinder 
wall  of  the  frontal  sinuses.  It  contributes  also  to  form  part  of  the 
boundary  of  the  sinuses ;  and,  by  the  excavation  on  its  fore  part, 
adds  a  little  to  their  size.  It  is  said,  in  one  case,  to  have  been 
beaten  upwards  into  the  brain  by  a  blow  upon  the  nose,  which 


^  Abercrombie,  Diseases  of  the  Brain,  p.  39. 
2  Otto's  Path.  Anat.  by  South,  p.  176. 
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broke  the  nasal  bones  ^.  The  orbital  plates  of  the  frontal  bone 
overlap  the  sides  of  the  aithmoid  closing  and  extending  the  8eth- 
moid  cells ;  and,  rising  np  on  either  side,  they  deepen  the  furrows 
upon  the  cribriform  plate,  which  lodge  the  olfactory  nerves.  The 
corresponding  part  in  the  skull  of  some  animals  is,  by  the  greater 
prominence  of  the  frontal  margins,  converted  into  a  separate  an- 
terior chamber  of  the  skull. 

The   fethmoid  is  later  in  its  ossification  than   any 

Development.  •    i    i  i     •  •^       •  -n      i 

other  01  the  cranial  bones,  being  cartilaginous  till  the 
middle  of  intra-uterine  life.  About  that  time  an  ossific  nucleus 
appears  in  the  upper  part  of  each  of.  the  lateral  masses,  near  the 
orbital  plate.  Just  before  birth  a  centre  appears  in  each  of  the 
spongy  bones ;  and  soon  after  birth,  from  the  sixth  to  the  twelfth 
month,  ossification  takes  place  in  the  cribriform  portion  and  the 
crista  galli.  The  perpendicular  plate  next  ossifies,  and  the  several 
parts  coalesce.  But  the  cells  are  not  formed  till  a  subsequent 
period^.  "During  infancy  the  cribriform  plate  becomes  narrowed, 
curved,  and  as  it  were  compressed;  the  nasal  lamella  advances  for- 
wards; and  the  spaces  between  the  septum  and  the  outer  walls  are 
considerably  increased^." 


THE  SUPERIOR  MAXILLARY  BONE,    (PI.  XIII.  and  XV.) 

on  each  side,  forms  part  of  the  nasal  fossse,  of  the  orbit  and  of  the 
mouth,  of  the  lachrymal,  anterior  and  posterior  palatine  canals,  and 
of  the  zygomatic,  spheno-  and  pterygo-maxillary  fossse.  It  assists 
also  to  close  the  sethmoiclal,  and,  in  some  instances,  the  frontal, 
sinuses.  It  is  placed  nearly  in  the  same  vertical  plane  with  the 
forehead,  instead  of  being  protruded  considerably  in  front  of  it,  as 
it  is  in  all  the  lower  animals,  where  the  jaws  are  required  to  serve 
as  organs  of  prehension  as  well  as  of  mastication.  In  order  to  give 
sufiicient  dimensions  to  the  alveolar  arch,  and  sufficient  space  to 
the   several  cavities  which  it  contributes   to  form,  the  bone  is  of 


1  Monro's  Elements  of  Anatomy,  i.  162. 

2  Beclard  in  Meckel's  Archiv,  vi.  426. 
'  Cyclopedia  of  Anatomy. 
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considerable  size ;  and  in  order  to  reduce  the  weiglit  its  middle  is 
hollowed  out  into  a  large  cavity. 

The  Antrum — the  name  eiven  to  the  cavity  thus 

The  antrum:  i       •        i        i  t>     t         f     -    t       •  ^^ 

formed — is  the  largest  of  the  facial  sinuses,  and,  like 
the  others,  communicates  with  the  nasal  fossa,  and  contributes  to 
the  modulation  of  the  voice.  Its  shape  is  irregular,  and  its  walls 
are,  for  the  most  part,  thin.  A  transverse  section  shows  it  to  be 
wider  above  than  below,  where  its  walls  become  thicker  and  con- 
verge to  the  alveolar  processes  (PL  XV.  fig.  3).  Its  interior  is 
smooth,  with  the  exception  of  a  few  ridges  and  channels  which 
serve  to  strengthen  its  walls,  while  they  transmit  the  branches  of 
the  infra-orbital  nerve  and  artery  to  the  teeth.  The  membrane 
which  lines  it,  and  which  resembles  that  lining  other  parts  of  the 

nasal   fossss,    consists   of  a  fibrous    periosteum   and   a 

shape  and  po- 
sition of  its        mucous  membrane  united  together   by  a  fine  layer  of 

areolar  tissue ;  it  is  easily  detached.     The  great  ragged 

hole  in  the  flat  inner  wall  is  nearer  to  the  roof  than  the  floor  of 

the  cavity,  and  opens  into  the  middle  meatus  narium  on  a  level  with 

the  lower  edge  of  the  middle  spongy  bone.     This  hole  is  very  much 

contracted  by  the  encroachments  of  the  asthmoid,  palate,  inferior 

spongy  and  lachrymal  bones,  so  that  fluids  accumulated  in  the  cavity 

do  not  easily  escape,  unless  the  head  be  placed  quite  on  the  side. 

It  is,  however,  only  in  morbid  states  that  such  accumulations  take 

place ;  for  there  are  not  many  glands  in  the  lining  membrane  of  the 

antiTun\  and  the  slight  simple  secretion  from  its  surface  is  either 

carried  ofi"  by  evaporation,  or  is  wafted  by  its  ciliated  epithelium 

towards  the  orifice.     In  the  recent  state  the  schneiderian  membrane 

still  further  diminishes  the   size  of  the  opening,   placing  it  quite 

under  cover  of  the  middle  spongy  bone,  and  is  so  disposed  as  to 

give  it  an  oblique  direction  backwards  from  the  antrum,  whereby 


^  The  presence  of  glands  in  the  interior  of  the  antrum  has  commonly  been  denied. 
They  are,  however,  described  by  Prof.  Luschka  (Virchow's  Archiv,  viii.  422)  to  exist 
in  the  fibrous  or  periosteal  sheet  of  the  membrane,  and  to  consist  of  branching  tubes, 
which  sometimes  become  dilated  and  give  rise  to  the  smaU  cysts  occasionally  found 
projecting  into  the  antrum  ;  these  are  to  be  distinguished  from  the  polypi  that  result 
from  hypertrophy  of  the  membrane  itself. 


280  THE   SKULL. 

the  entrance  of  cold  air  and  foreign  Ibodies  from  the  external  meatus 
narium  is  prevented. 

Being  formed  by  the  gradual  extension  outwards  of 
a  depression,  which  may  be  seen  at  birth  in  the  situation 
of  this  opening  (PL  XVI.  fig.  7,  G),  the  antrum  has  a  wall  of  its 
own,  distinct  from  the  exterior  shell  of  the  bone.  The  infra-orbital 
canal  is  situated  between  the  two  (PI.  XV.  fig.  3,  A) ;  and  so  are 
the  canals  transmitting  the  several  dental  nerves  from  the  slit-like 
openings  on  the  hinder  surface  of  the  maxilla  to  the  alveolar 
sockets.  Some  of  these  canals  may  be  traced  round  the  exterior 
of  the  antrum  on  their  way  to  the  bicuspid  and  canine  teeth. 

its  liability  to  Unlike  the  other  nasal  sinuses  the  antrum  is  frequently 

disease.  i}^q  ^q^^  of  disease,  depending  partly  iipon  its  contiguity  to 

the  inferior  spongy  bone,  the  mucous  membrane  of  which  is  often  in 
a  state  of  inflammation,  and  still  more  upon  the  proximity  of  the  teeth. 
When  it  is  distended  by  a  collection  of  purulent  or  other  fluid,  the 
anterior  wall  generally  yields  first,  just  under  the  infra-orbital  hole, 
between  it  and  the  bicuspid  teeth.  The  bone  is  thin  here,  and  becoming 
thinner  in  consequence  of  the  pressure,  an  opening  may  be  easily  made 
through  it  to  give  vent  to  the  accumulations.  If  the  disease  be  long 
continued,  and  especially  if  solid  growths  occupy  the  antrum,  the  walls 
become  stretched  in  every  direction,  encroaching  upon  the  orbits  the 
nose  and  the  mouth,  as  well  as  protruding  the  cheek.  The  hinder  wall, 
which  is  in  contact  with  the  palate-bone,  is  veiy  thin,  and  is  liable  to 
give  way  and  remain  behind  in  the  operation  for  the  removal  of  the 
upper  jaw,  particularly  when  it  is  the  seat  of  malignant  disease. 

Alveolar  pro-  '^^^®  Alvsolar  processes,   continued  round  from  one 

cess.  maxillary  bone  to  the  other,  form  a  horse-shoe  arch ; 

the  transverse  diameter  of  which,  being  greater  in  proportion  to 
its  length  from  before  backwards,  causes  a  corresponding  width  of 
the  palate,  and  is  peculiar  to  the  human  skull.  In  the  Negro 
this  arch  is  more  prolonged  anteriorly  and  more  compressed  at  the 
sides  than  in  the  Em'opean.  Other  differences  may  also  be  ob- 
served. Thus,  in  the  European,  the  incisive  alveolar  processes  and 
teeth  are  nearly  vertical,  with  only  a  slight  slant  forwards ;  and 
the  molar  alveoli  and  teeth  slant  a  little  outwards.  In  the  Negro 
the  anterior  teeth  and  their  sockets  are  directed  much  more  ob- 
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liqiiely  forwards ;  whereas  the  molar  teeth  are  vertical  or  incline 
a  little  inwards.  Again,  if  Ave  take  a  profile  view,  we  shall  find 
that  in  the  Negro,  not  only  is  the  alveolar  process  prolonged  further 
forwards  than  in  the  European,  but  its  edge  is  more  curved  with 
the  convexity  downwards,  the  middle  sockets  on  each  side  being 
in  a  lower  plane  than  those  in  front  and  behind.  This  cmwe  is 
more  marked  in  the  teeth  than  in  the  alveoli,  and  is  sharpest  in 
the  situation  of  the  bicuspid  teeth. 

The  alveoli  are  of  spongy  structure  to  prevent  their  being 
chipped  by  the  pressure  of  the  teeth,  and  to  permit  a  close  and 
vascular  connection  with  the  gums.  The  quantity  of  fibrous  and 
vascular  tissue  which  is  interwoven  with  the  bone  renders  the  latter 
liable  to  be  involved  in  fibrous  and  fibro-vascular  tumours  called 
"  epulis,"  and  in  ulceration  arising  from  mercury  and  other  causes. 
The  hardest  work  in  mastication  is  done  by  the  second  molars : 
these  are  accordingly  the  largest  teeth  and  have  the  best  developed 
fangs  (two  on  the  outer  and  one  on  the  inner  side) ;  and  the 
alveolus  is  thick  here,  and  is  strengthened  by  a  ridge  ascending 
from  it  to  the  malar  process  and  the  malar  bone.  The  ends  of  the 
molar  fangs  lie  close  beneath  the  antrum  and  sometimes  penetrate 
it  in  the  dry  bone ;  so  that  disease  may  readily  be  communicated 
from  them  to  its  lining  membrane,  and  the  cavity  is  easily  opened 
fi'om  their  sockets.  The  incisive  and  canine  alveoli,  which  lie  in 
front  of  the  anti'um,  are  placed  beneath  an  expansion  of  the  nasal 
process. 

The  maxillary  bone  is  held  in  its  place,  behind,  by  the  ptery- 
goid processes  of  the  sphenoid,  through  the  medium  of  the  palate- 
bone,  which  is  adapted  to  its  convex  posterior  edge ;  above,  by  the 
OS  planum  of  the  ^ethmoid,  and  by  the  junction  of  the  nasal  process 
with  the  frontal,  also  by  the  frontal  through  the  medium  of  the  malar 
bone ;  and,  internally,  by  the  maxillary  bone  of  the  opposite  side. 
The  Nasal  process  presents  a  wavy  outline  from  above 

Nasal  process.  . 

downwards,  and  is  projected  forwards,  at  the  middle  and 
along  the  upper  part,  into  a  sharp  edge  which  supports  the  nasal 
cartilasces  and  bones  and  contributes  to  throw  out  the  "  brids-e  of 
the  nose."  Behind,  it  is  channelled  to  assist  in  forming  the  lachry- 
mal canal,  which  descends  nearly  vertically  along  it  to  the  inferior 
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meatus  of  tlie  nose.  When  the  nasal  or  lachrymal  bones  are 
small  these  processes  are  enlarged  to  supply  the  deficiency\  In 
most  Graminivora,  and  in  many  other  animals,  the  nasal  processes 
are  stunted  to  make  room  for  the  large  lachrymal  bones,  and  do  not 
consequently  reach  the  frontal  bone. 

Palatine  pro-  '^^^®  Palatine  pvocess  stretches  transversely  inwards 

'^^^^'-  to  the  median  line,  and  is  united  with  that  of  the  oppo- 

site side  by  a  suture,  the  teeth  of  which  are  linear.  The  united 
edges  of  the  two  bones  are  thrown  upwards  into  a  sharp  crest 
(PL  XV.  fig.  1,  D)  with  an  undulating  edge,  upon  which  the 
vomer  rests.  The  continuation  of  this  crest  in  front,  formed  by  the 
intermaxillary  portions  of  the  jaw-bones,  is  very  prominent  and 
stout  {E,  K).  It  receives  the  anterior  extremity  of  the  vomer, 
and  contributes  with  the  upper  edge  of  that  bone  to  the  sup- 
port of  the  septal  cartilage  of  the  nose^.  On  its  upper  surface 
the  palatine  process  is  concave,  smooth,  and  covered  by  the  even 
closely  applied  schneiderian  membrane,  so  as  to  facilitate  the  pas- 
sage of  air  to  and  fro.  It  is  also  higher  in  front  than  behind  to 
direct  the  secretions  of  the  nostrils  and  the  tears  back  towards  the 
pharynx.  On  its  under  surface  it  is  rougher  and  more  porous  to 
give  secure  attachment  to  the  thick  fibrous  and  vascular  soft  palate. 
Abscesses  are  apt  to  form  in  this  situation,  and  I  have  known 
alarming  heemorrhage  follow  incisions  made  to  open  them.  The 
hinder  edge  is  cut  obliquely  so  that  the  anterior  edge  of  the  palate- 
bone,  cut  in  a  corresponding  manner,  may  rest  upon  it.  (PI.  XV. 
fig.  1,  L,  and  PI.  XIII.  fig.  2,  R.) 
^.    ,.      ...  The  several  surfaces  for  contact  with  other  bones 

iJirection  oi  its 

sutures.  are  cut  so  as  to  enable  the  maxilla  to  resist  the  pressure 

of  the  lower  jaw ;  and  the  rough  surface  upon  the  malar  process  for 
union  with  the  malar  bone  is  no  exception  to  this.  The  serraa  upon 
it  are  directed  upwards  and  backwards,  and  its  anterior  edge  pro- 
jects forwards  and  outwards,  so  as  to  rise  up  a  little  in  front  of 
the  anterior  edge  of  the  malar  bone. 


■^  The  part  of  tlie  nasal  process  which  surrounds  the  lachrymal  sac  sometimes  "foi-ms 
a  particular  bone."     Otto's  Paili.  Anat.  by  South,  p.  179. 

^  In  some  birds  this  process  extends  up  as  high  as  the  nasal  bones^  and  is  received 
between  them. 
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The  Orlntal  surface  is  very  smooth.    It  slants  down- 

Orbital  plate.  "^  "^ 

wards  and  outwards  towards  the  spheno-maxillary  fis- 
sure and  the  malar  hone,  so  that  the  lower  and  outer  corner  of  the 
orbit  is  further  removed  from  the  eyeball  than  any  other  part ;  and 
the  interspace  betAveen  it  and  the  eye  is  occupied  by  soft  fat.  The 
infra-orJntal  groove  is,  in  the  fore  part  of  the  orbit,  converted  into 
a  canal  by  its  outer  edge  growing  over  and  uniting  with  the  inner. 
The  line  of  union  of  the  two  may  often  be  seen  in  young  skulls. 
Some  anatomists  suppose  that  this  groove  is  the  remains  of  a 
division  which  originally  existed  between  the  nasal  process  and  the 
rest  of  the  bone.  I  have  not  been  able  to  find  evidence  of  this 
by  examination  of  foetal  bones.  At  the  hinder  part  it  is,  in  the 
recent  state,  completed  by  an  extension  of  the  periosteum  over  it. 
In  a  few  instances  it  bifm'cates,  opening  upon  the  cheek  by  two 
foramina  instead  of  one ;  or  it  may  be  double  in  its  whole  length ; 
peculiarities  which  derive  interest  from  the  analogy  they  present 
to  the  usual  condition  in  apes  and  whales  \  It  is  usually  not  a 
mere  canal,  but  a  slit  extending  some  distance  between  the 
orbital  plate  and  the  wall  of  the  antrum  (PL  XV.  fig.  3,  A). 
Intermaxillary  ^  dclicatc  linear  suture  may  commonly  be  seen  on 

portion.  i\q  palatine  surface  of  the  maxilla,  crossing  from  near 

the  anterior  palatine  foramen  to  the  interval  between  the  lateral 
incisor  and  the  canine  teeth.  This  marks  out  the  intermaxillary 
hone,  which  contains  the  sockets  of  the  incisor  teeth,  constitutes 
the  whole  thickness  of  the  alveolus,  including  the  floor  of  the 
nostril,  the  anterior  nasal  spine,  and  the  front  wall  of  the  anterior 
palatine  hole,  and  is  connected  above  with  the  vomer  and  with  the 
septal  cartilage  of  the  nose  (PI.  XV.  fig.  1,  EK),  The  inter- 
maxillary bones  form  a  much  more  prominent  featm-e  in  the  lower 
animals.  In  them  they  are  placed  in  front  of  the  maxillae  and  are, 
therefore,  called  "  premaxillary  bones,"  they  also  remain  perma- 
nently separate  from  the  maxillary  bones,  and  send  up  a  process  to 
unite  "^4th  the  nasal  bones  on  either  side,  so  that,  with  the  nasal 
bones,  they  complete  the  anterior  opening  of  the  nostrils. 


^  Meckel's  Anatoraie,  il.  127. 
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Opening  of  ^^^  Opening  of  the  moutli  extends,  on  either  side,  as 

mouth.  fg^p  g^g    i]^Q   canine  teeth,  its   corners   about    corresponding 

with  the  outer  edges  of  these  teeth ;  so  that  the  size  of  the  oral  opening 
hears  a  relation  to  the  size  of  the  canine  teeth,  as  well  as  to  the  size  and 
direction  of  the  incisors  and  of  the  intermaxillary  portion  of  the  jaw. 
When  these  are  large  and  inclined  forwards,  the  opening  of  the  mouth 
is  large ;  and  this  conformation,  together  with  the  thickness  and  eversion 
of  the  lips  which  are  usually  associated  with  large  and  protruding  incisors, 
contributes  to  the  ugliness  of  the  Negro's  mouth.  T]ie  still  greater  pro- 
trusion of  the  fore  part  of  the  jaws,  and  the  great  size  of  the  canine  teeth, 
in  the  lower  animals,  causes  the  mouth  to  be  extended  to  some  distance 
on  either  side  of  the  face,  and  renders  it  better  adapted  for  its  prehensile 
office.  A  comparatively  small  size  of  mouth,  being  thus  associated  with 
retiring  alveoli,  and  being,  therefore,  an  indication  of  departure  from 
the  brute  type,  comes  to  be  looked  upon  as  a  beauty,  and  is,  with  some 
reason,  regarded  as  an  indication  of  intelligence. 

The  upper  jaw  is  formed  from  membrane.     Ossifica- 

Development.        .  ,        .  ,  i      ^        n  t    •      •  n 

tion  begms  so  early,  and  the  first  nuclei,  if  there  be 
more  than  one,  coalesce  so  quickly,  that  it  is  difficult  to  ascertain 
their  number  with  certainty.  As  a  general  rule  there  apj)ears  to 
be  only  one  or  two.  There  may,  however,  be  more:  thus  one  for 
the  alveolar  portion  has  been  found  by  Beclard  as  early  as  the 
30th  day,  quickly  followed  by  three  or  four  others,  viz.  one  for 
the  orbital  plate  and  malar  part,  another  for  the  malar  process 
and  facial  part,  a  third  for  the  intermaxillary  portion,  and  a 
fourth  for  the  palate ;  the  latter  is  developed  in  connection  with 
the  internal  lamina  of  the  alveolar  portion.  By  the  end  of  the 
third  month  these  three  or  four  nuclei,  supposing  them  originally- 
distinct,  have  coalesced,  so  as  to  leave  scarcely  a  trace  of  their 
separate  existence^;  about  this  time  the  alveolar  ridges,  shooting 


1  There  are  many  fissures  which  extend  to  some  depth  in  the  festal  and  young  bone ; 
but  we  must  not  think  that  these  are  necessarily  the  indications  of  its  having  been 
developed  from  several  centres.  The  most  marked  is  that  which  gives  the  outline  to 
the  intermaxillary  part;  it  extends  from  between  the  incisive  and  canine  sockets 
through  the  palate  to  the  anterior  palatine  hole,  and  may  be  traced  on  the  floor  of  the 
nasal  meatus,  and  up  the  inside  of  the  nasal  process,  crossing  the  inferior  turbinate 
bone  and  reaching  as  high  as  the  top  of  the  lachrymal  duct.  It  would  seem,  therefore, 
from  this,  that  the  intermaxillary  bones  surround  the  chief  part  of  the  anterior  meatus 
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down,  enclose  between  them  the  groove  in  which  the  teeth  are 
developed.  The  nasal  process  is  now  of  considerable  size.  A  wide 
channel  between  the  latter  and  the  orbital  portion  is  the  infra-orbital 
groove.  This  becomes  covered  over  by  a  lamina  of  bone  shoot- 
ing from  the  sides,  and  arching  over  the  nerve  so  as  to  form  a  canal. 
Occasionally  this  lamina  is  developed  from  a  separate  nucleus,  and 
I  have  seen  it  ununited  to  the  rest  of  the  jaw  in  the  adult.  At 
birth  the  edges  of  the  alveoli  have  inclined  towards  each  other  a 
little,  overlapping  the  tooth-germs  ;  and  the  dental  groove  is  divided 
into  sockets  hj  partitions  which  have  grown  up  from  its  bottom 
and  sides.  The  whole  maxilla  is  at  this  time  very  shallow:  its 
orbital  and  alveolar  portions  are  in  close  contact ;  the  latter  are  in 
the  same  horizontal  plane  with  the  lower  part  of  the  occipital  bone, 
and  the  wide  dental  groove  occupies  the  body  of  the  maxilla,  and 
extends  beneath  the  infra-orbital  canal :  as  growth  proceeds  the 
bone  acquires  a  greater  depth,  and  the  antrum  is  hollowed  out  in 
its  interior.  The  latter,  as  before  stated,  may  be  traced  at  birth  as 
a  shallow  depression  of  the  inner  wall  of  the  maxilla.  Gradually 
this  depression  is  deepened,  and  extended  outwards,  so  as  to  pass 
beneath  the  infra-orbital  canal  and  occupy  the  situation  before  held 
by  the  dental  groove.     Compare  figs.  3  and  4  of  PI.  XIII. 

In  old  age  the  alveoli  undergo  absorption  at  their 

Changes  in  age.  in  n    t  i  i 

edges :  this  exjDOses  the  tangs  oi  the  teeth  and  causes 
them  to  become  loose  and  fall  out.  The  process  of  absorption  con- 
tinuing, the  walls  of  the  sockets  become  in  time  completely  removed, 
so  that  the  alveolar  processes  are  on  a  level  with  the  palate,  leaving 
the  nasal  spine  very  prominent;  and  the  Avhole  bone  is  reduced  to  a 


narium,  and  reach  nearly  or  quite  to  the  nasal  bones,  as  they  do  in  the  lower  animals. 
Many  doubt  the  development  of  the  intermaxillary  portion  from  a  separate  germ  in 
the  human  foetus.  Even  at  the  third  month  the  suture  or  fissure  just  mentioned  is  the 
only  evidence  of  its  separate  existence.  M.  J.  Weber  could  find  no  trace  of  a  distinct 
nucleus  in  any  of  the  various  foetuses,  of  from  two  to  four  months,  in  the  Museum  at 
Prague,  Nevertheless,  he  succeeded  in  detaching  the  intermaxillaries  by  immersing 
the  maxillary  bones  in  dilute  nitric  acid ;  this,  together  with  their  being  so  completely 
separate  in  many  cases  of  cleft  palate,  he  regards  as  conclusive  evidence  of  their  inde- 
pendent formation.  He  finds  that  the  line  of  separation  runs,  not  between  the  incisive 
and  canine  sockets,  but  through  the  inner  part  of  the  latter,  which  he  connects  with 
the  absence  of  an  interval  between  the  canine  and  incisive  teeth.  Froriep's  Notken, 
Januar.  182S,  s.  282. 
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light  fragile  fatty  state.  It  thus  returns  nearly  to  its  infantile 
shallow  conformation.  But  there  is  this  difference  l)etween  the  in- 
fantile and  the  senile  maxilla,  that,  whereas  in  the  former  the  want 
of  dejDtli  results  from  the  imperfect  growth  of  the  walls  of  the 
antrum,  in  the  latter  it  results  from  the  absorption  of  the  alveolar 
portion  \ 

The  frequency  of  some  imperfection  in  the  formation  of 
the  palatine  and-  alveolar  parts  of  the  maxilla,  causing  the 
different  degrees  of  cleft  palate,  has  already  been  mentioned  (page  180). 
An  instance  of  congenital  deficiency  of  the  alveolar  process  of  the  upper 
jaw  is  given  in  the  Transactions  of  the  Pathological  Society,  Vol.  I.  312. 
The  plate  of  bone  forming  the  roof  of  the  antrum  is  sometimes  in  part 
deficient,  so  that  this  cavity  may  communicate  with  the  orbit,  or  be  sepa- 
rated from  it  only  by  fibrous  tissue^.  A  process  has  been  found  ex- 
tending from  the  orbital  plate,  behind  the  os  planum  to  the  frontal  bone^, 
and,  in  one  instance,  a  "  Zygomatic  spine"  was  prolonged  beneath  the 
malar  bone  as  far  as  the  temporal  bone*. 

The  presence  of  the  teeth,   and  of  the  antrum  with  its 

Diseases. 

vascular  lining  membrane,  together  with  the  lachrymal  sac, 
the  contiguity  of  the  nose,  mouth,  and  oi'bit,  in  each  of  which  directions 
the  bone  is  covered  by  a  membrane  differing  from  that  in  the  other  direc- 
tions, renders  the  maxillary  bone  peculiarly  liable  to  disease,  more  so  than 
any  other  bone  of  the  head.  It  is  often  the  seat  of  cancer,  of  fibrous 
growths  of  various  kinds,  of  exostosis,  caries,  and  sometimes  of  necrosis. 


THE  INFERIOR  MAXILLA 

is  the  only  bone  of  the  skull  capable  of  being  moved  upon  the 
others.  In  the  lower  animals  it  is  used  as  an  organ  of  prehension, 
of  attack  and  defence,  as  well  as  of  mastication ;  and  to  fulfil  these 
various  functions  it,  together  with  the  upper  jaw,  is  prolonged  for- 


^  There  is  this  difference  to  be  remarked,  between  the  manner  of  the  shedding  of 
the  first  and  second  set  of  teeth ;  the  former  become  loosened,  and  fall  out  in  con- 
sequence of  the  absorption  of  their  fangs,  whereas  the  latter  are  lost  in  consequence 
of  the  removal  of  the  walls  of  the  sockets  in  which  they  were  placed. 

2  Lobstein,  Anat.  Path.  PI.  V.  fig.  i. 

^  Henle,  Handhuch  cler  anatomie  des  menscJien,  i.  159. 

^  Ihid.  I.  165. 
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wards,  so  as  to  be,  in  great  part,  clear  of  tlie  rest  of  tlie  skull ;  it 
is  armed  with  powerfid  teeth,  the  muscles  which  move  it  are  of 
great  strength,  and  the  hones  which  give  attachment  to  these 
muscles  are  proportionately  developed.  In  man,  on  the  contrary, 
the  jaw  is  restricted  almost  exclusively  to  the  work  of  mastication  ; 
it  is,  accordingly,  much  shortened,  its  condyle  and  neck  are  directed 
vertically  and  placed  nearly  at  right  angles  with  the  dental  portion, 
so  as  to  adapt  the  latter  to  the  corresponding  surface  of  the  superior 
maxilla,  which  has,  in  its  downward  growth,  descended  considera- 
bly below  the  horizontal  plane  of  the  base  of  the  skull.  One  result 
of  this  shortening  of  the  jaw,  and  of  the  perpendicular  position  of 
the  alveoli  of  the  teeth,  is  to  render  the  mental  portion  or  chin 
broader  and  more  prominent,  so  as  to  form  a  characteristic  featm'e 
in  the  outline  of  the  human  face\  The  inferior  maxilla  of  the 
Negro  exhibits  some  approximation  to  that  of  the  lower  animals 
in  its  greater  massiveness,  in  the  depth  of  its  horizontal  ramus, 
in  the  slant  forwards  of  the  alveoli  and  teeth,  which  causes  the  chin 
to  be  more  retiring,  in  the  greater  obliquity  of  its  neck,  and  in 
the  more  obtuse  angle  between  its  horizontal  and  ascending  por- 
tions. It  is  also  rather  more  cmwed  along  its  alveolar  edge,  adapt- 
ing it  to  the  greater  cuiwatm'e  of  the  alveolar  portion  of  the  upper 
jaw  (p.  281).  The  inferior  maxilla  is  a  very  hard  bone,  to  enable 
it  to  resist  the  great  force  which  its  muscles  are  capable  of  exert- 
ing upon  it,  hence  its  section  during  operations  is  rather  a  tedious 

process. 

The  Condyles  are  set  obliquely,  so  that  lines  drawn 

TliG  cohcIvIgs, 

in  the  direction  of  their  long  axes  meet  in  the  fore  part 
of  the  foramen  magnum  and  form  an  angle  of  150*'  or  IGO'' ;  this 
aiTangement  facilitates  the  rotatory  movements  of  the  jaw.  The 
slight  elevation  of  their  inner  extremities,  adapted  to  corresponding- 
depressions  in  the  glenoid  cups,   forms   a  sort  of  lock,  and  gives 


^  The  chin  and  the  forehead  (as  mentioned  at  p.  245)  bear  a  relation  to  one 
another  in  the  degree  of  their  prominence  anteriorly,  so  as  to  maintain  the  balance  of 
proportion  between  the  upper  and  lower  regions  of  the  face.  Id  the  well-formed 
European  both  are  prominent,  contrasting  with  the  idiot  in  whom  both  are  retiring. 
The  retiring  of  the  forehead  and  chin,  which  gave  unusual  prominence  to  the  teeth  and 
openings  of  the  nose,  was  very  remarkable  in  the  so-called  "Aztecs,"  lately  exhibited 
in  this  country.  ■         - 


288  THE   SKULL. 

steadiness  and  security  to  the  joint;  yet  it  is  not  sufficient  to 
prevent  some  lateral  movement.  They  are  most  thickly  covered 
with  cartilage  at  the  fore  parts  where  they  are  subjected  to  most 
pressure  against  the  glenoid  ridges. 

The  Neck,  on  either  side,  thouo-h  narrow  in  comparl- 

Theneck.  .  . 

son  with  the  condyle,  is  strengthened  by  ridges  descend- 
ing from  the  fore  part  and  sides  of  the  latter ;  it  is,  moreover,  well 
protected,  and  is  rarely  broken^  It  is  curved  (PL  XVIII.  figs.  4 
and  5)  so  as  to  cause  the  head  of  the  bone  to  present  forwards,  in 
a  direction  nearly  corresponding  with  the  line  in  which  the  chief 
bulk  of  the  fibres  of  the  masticatory  muscles  pull  upon  it  in 
closing  the  jaw,  and  which  throws  the  force  of  their  action  upon 
the  strong  ridge  bounding  the  fore  part  of  the  glenoid  cavity, 
(p.  256.) 

Thecoronoid  ^^^^  CoTouoid  i^ocess  fumishes  a  good  handle  for  the 

process.  attachment  of  the  temporal  muscle,  and  gives  greater 

force  to  the  posterior  fibres  which  draw  the  jaw  backwards  into  the 
glenoid  cavity,  when  the  mouth  is  closed,  and  cause  the  lower  inci- 
sors to  be  pulled  up  behind  the  upper  ones  like  the  blades  in  a  pair 
of  shears.  It  is  inclined  a  little  outwards  to  afford  a  more  favour- 
able insertion  to  the  fibres  of  the  muscle,  Avhich  are  chiefly  im- 
planted on  its  inner  side  and  fore  part.  From  its  base  a  thick 
ridge  passes  down  obliquely,  on  either  side  of  the  alveoli,  to  the 
base  of  the  horizontal  ramus,  so  as  to  strengthen  this  part  of  the 
jaw  which  has  to  bear  the  greatest  stress  in  mastication.  The 
Angle  of  the  jaw  is  generally  turned  a  little  outwards.  In  some 
it  is  turned  inwards.  Whichever  way  it  be  the  curve  affords  more 
space  and  a  better  purchase  to  the  muscles — the  mastoid  and 
internal  pterygoid — that  are  inserted  on  its  sides,  than  a  plane 
surface  would  have  done.  It  is  thin,  hard,  and  marked  by  oblique 
ridges  for  the  intermuscular  tendinous  fibres. 

The  Alveolar  processes  form  the  sockets  for  the  teeth  : 

The  alveoli.  i  •   i  i 

they  are  thicker,  denser,  and  stronger  than  those  of  the 
upper  jaw ;  hence  the  great  force  usually  required  to  dislodge   a 


•^  There  is  in  the  Mus^e  Dupuytren  an  example  of  united  fr.acture  of  the  neck  of 
the  lower  jaw. 
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tooth  from  the  lower  jaw,  and  the  mischief  which  has  occasionally 
resulted  from  rough  efforts  to  extract  teeth.  I  know  a  patient, 
the  whole  of  the  horizontal  portion  of  whose  jaw  was  pulled  away, 
when  she  was  a  cliild,  in  the  rude  attempts  of  a  quack  to  draw  a 
tooth.  The  foremost  alveoli  and  incisor  teeth  are  slanted  a  little 
forwards ;  the  liindmost  and  the  molar  teeth  are  slanted  a  little  in- 
wards, that  is,  in  an  opposite  direction  to  those  of  the  upper  jaw, 
which  is  favourable  to  the  trituration  of  the  food  in  the  lateral  and 
rotatory  movements  of  mastication.  The  arch  formed  by  the  alveoli 
and  teeth  of  the  lower  jaw  is  generally  rather  smaller  than  that  of 
the  upper  jaw,  so  that  the  former  is  received  within  the  latter  when 
the  mouth  is  closed.  Hence  the  teeth  are  of  somewhat  less  size, 
and  their  fangs  are  aiTanged,  side  by  side  in  the  alveolar  sockets, 
in  a  rather  more  regular  manner  than  in  the  upper  jaw.  More- 
over, the  molar  teeth  have  only  two  fangs,  one  in  front  of  the 
other.  The  hinder  molar,  or  loisdom  tooth,  has  often  only  one  fang. 
It  is  situated  close  to  the  angle  between  the  horizontal  and  the 
ascending  ramus  of  the  jaw,  so  that  the  space  afforded  to  it  is 
confined  in  proportion  as  that  angle  is  small.  This  accounts  for 
the  tfouble  so  often  experienced  by  Europeans  during  the  cutting 
of  this  molar ;  a  portion  of  the  gum  which  covers  the  fore  part 
of  the  coronoid  process  being  liable  to  be  carried  before  the  tooth, 
and  to  be  subjected  to  inflammation  and  ulceration  by  its  pres- 
sm-e.  The  limited  space  allotted  to  it  may  account  also,  in  part, 
for  the  early  decay  of  this  tooth;  and  we  may  infer  that  these  in- 
conveniences are  less  frequently  experienced  in  the  Negro,  in 
whom  the  angle  is  wider. 

The  dental  '^^^®  Dental  canol  corresponds  in  its  office  with  the 

canaL  infra-orbital  groove,  transmitting  branches  of  the  fifth 

pair  of  nerves  and  blood-vessels  to  the  bone,  the  teeth,  and  the 
contigmous  soft  parts.  "The  size  and  situation  of  the  dental  canal 
vary  according  to  the  age  of  the  individual.  At  birth  it  runs  near 
the  lower  border  of  the  bone,  and  is  of  considerable  magnitude ; 
after  the  second  dentition  it  becomes  placed  just  above  the  level  of 
the  mylo-hyoid  ridge  ;  in  the  edentulous  jaw  of  old  age  it  runs  along 
the  alveolar  border  of  the  bone,  its  size  is  much  diminished,  and 
the  mental  foramen  is  found  close  upon  the  upper  border  of  the 

19 
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bone^"  (PL  XVII.)  The  Mental  foramen  is  generally  placed  be- 
neath the  interval  between  the  two  bicuspid  teeth,  in  a  vertical  line 
with  the  supra-  and  infra-orbital  foramina,  or  very  nearly  so.  It  is 
situated  further  back  in  the  Negro,  beneath  the  second  bicuspid,  or 
beneath  the  interval  between  it  and  the  first  molar. 

Ossification  commences  in  the  membrane  from  which 

Development.        -,        .     „     ,  •^^       •      f  -\  i  •     t 

the  mierior  maxilla  is  lormed,  at  a  very  early  period — 
from  the  thirtieth  to  the  thirty-fifth  day,  according  to  Beclard. 
Soon  after  two  months  it  is  considerably  advanced.  The  bone 
is  then  in  halves,  united  in  the  median  line  by  membrane.  In 
each  of  these  halves  the  condyle,  coronoid  portion,  and  angle  are 
quite  evident ;  the  mental  part  is  of  considerable  size ;  and  there 
is  a  lamina,  appended  to  the  inner  side  of  the  ramus,  which, 
shooting  upwards,  forms  the  inner  wall  of  the  dental  groove  and 
dental  canal.  The  appearance  of  the  several  parts  at  this  early 
stage  certainly  gives  countenance  to  the  supposition  that  each  of 
them  had  a  separate  ossifying  nucleus,  corresponding,  or  nearly 
corresponding,  with  the  five  pieces  into  which  the  jaw  of  the  croco- 
dile is  permanently  divided;  that  is  to  say,  one  for  the  under 
and  outer  part  of  the  ramus,  another  for  the  inner  alveolar 
border,  a  third  for  the  coronoid  process,  a  fourth  for  the  condyle, 
and  a  fifth  for  the  angle.  If  it  be  so  they  become  united  toge- 
ther very  quickly  after  their  formation.  The  probability,  however, 
is  that  in  this  bone,  as  in  the  upper  jaw,  there  is  usually  only  one 
nucleus  on  either  side,  and  that  the  various  j)rocesses  are  merely 
outgrowths ;  the  instances  in  which  the  latter  are  developed  from 
separate  nuclei  being  exceptionaP.     As  growth  proceeds  the  inner 


1  Partridge  in  Cyclopedia  of  Anatomy.     Article  Face. 

2  Kerkringius,  Osteogenia  fcetuum,  cap.  ix.,  describes  the  coronoid  process  as  con- 
sisting, up  to  the  third  month,  of  an  ossicle  separated  by  a  suture  from  the  rest  of  the 
maxilla.  Beclard  mentions,  in  addition  to  the  nucleus  for  the  ramus  which  appears 
from  the  30th  to  the  35th  day,  a  nucleus  for  the  coronoid  process  which  appears  about 
the  45th  day.  Autenrieth  and  Spix,  Hildebrandl's  Anatomie,  11.  113,  describe  also  a 
nucleus  for  the  condyle  and  one  for  the  angle,  to  the  probability  of  which  Beclard 
gives  assent.  According  to  Spix  the  inner  wall  of  the  jaw  is  derived  from  a  separate 
nucleus.  Blandin,  Anatomie,  i.  127,  found  the  body,  the  coronoid  process,  and  the 
hinder  part  of  the  bone,  separate  from  one  anothei-,  in  a  fcetus  of  three  months. 
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lamina  of  tlie  ramus  rises  nearly  to  tlie  same  level  witli  the  outer, 
and  forms  tlie  inner  alveolar  border;  tlie  dental  groove  is  deep- 
ened; and  the  anterior  dental  sockets  become  marked  out  and 
separated  from  one  another  by  bony  partitions,  which  grow  from 
the  sides  and  bottom  of  the  groove.  Near  the  coronoid  process 
the  inner  lamina  joins  the  outer,  arching  over  and  enclosing  the 
dental /orameTi  and  the  hinder  part  of  the  dental  canal.  The  latter 
is,  at  this  time,  a  mere  channel,  in  which  the  nerves  and  vessels  lie, 
at  the  bottom  of  the  dental  groove,  in  the  greater  part  of  its  extent. 

At  birth  the  two  incisive,  the  canine,  and  the  first 
Atbii-th.  .  .         ,     „  ,  , 

molar  sockets  are   partitioned  irom   one  another ;   the 

dental  canal  has  become,  in  great  measure,  separated  from  the  dental 
gToove  or  sockets ;  and  the  dental  foramen  and  the  spine  that  pro- 
jects upon  its  inner  side  are  formed.  There  are  always  at  this 
time,  at  least,  two  openings  at  the  dental  foramen.  One,  of  larger 
size  than  the  other,  communicates  with  a  groove  which  runs  along 
the  floor  of  the  cavity  for  the  hinder  teeth.  The  other,  smaller  one, 
is  the  opening  of  a  canal  which  runs  beneath  this  groove  to  the 
milk-teeth.  Both  the  groove  and  the  canal  carry  vessels  and 
nerves  to  the  teeth,  and  communicate  with  the  mental  foramen, 
which  is  situated  beneath  the  first  molar  socket,  nearly  in  the  same 
position  as  in  the  adult  Negro  \  When  the  milk-teeth  fall  out  the 
canal  which  is  devoted  to  them  disappears,  and  the  groove,  becom- 
ing enlarged  and  covered  over,  is  converted  into  the  permanent 
dental  canal.  The  bone  is,  at  birth,  still  in  halves,  united  by 
fibrous  or  fibro-cartilaginous  tissue,  in  which  one  or  two  little  bony 
germs  are  occasionally  found 2.  The  coronoid  process  is  of  large 
comparative  size,  and  stands  up  boldly,  at  right  angles  from  the 
rest  of  the  bone.  It  is  thrown  into  stronger  relief  from  the  fact 
that  the  condyloid  part  is  nearly  in  the  same  horizontal  line  with 


^  The  above-mentioned  dental  groove  and  canal  of  the  fostus  and  young  child  do 
not  always  communicate  with  the  same  mental  foramen ;  for  there  are  sometimes,  as 
represented  La  Plate  XVII.  fig.  i,  two  mental  foramina,  one  in  front  of  the  other  ; 
the  anterior  of  these,  which  opens  into  the  canal,  becomes  obliterated  with  it  during 
the  second  dentition. 

2  Otto,  p.  182. 

19—2 
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the  ramus:  at  least  it  forms  with  it  an  angle  of  160^  or  170°;  and 
this  straight  configuration  of  the  lower  jaw,  together  with  the  want 
of  depth  of  the  ramus,  contributes  to  give  the  round  shape  to  the 
face  of  the  infant.  The  condyle  is  ossified  up  to  its  thin  articular 
cartilage ;  this  and  the  sternal  end  of  the  clavicle  being  the  only 
bones  in  which  that  is  the  case^.  The  condyle  itself  is  rounded  on 
its  fore  part,  and  the  movements  of  the  jaw  are  nearly  confined 
to  opening  and  shutting  the  mouth ;  but  little  lateral  or  antero- 
posterior motion  is  possible  in  consequence  of  the  small  size  of  the 
glenoid  cavity. 

Changes  after  After  birtli  the  two  segments  become  united  at  the 

birth.  symphysis.    The  union  takes  place  from  below  upwards, 

and  is  complete  at  about  a  year.  A  small  notch  in  the  alveolar 
margin,  which  is  a  remnant  of  the  former  fissure,  may  sometimes 
be  seen  as  late  as  the  second  year.  In  many  of  the  lower  animals 
the  symphysial  suture  remains  through  life ;  but  I  do  not  know 
of  any  instance  in  which  the  halves  have  failed  to  coalesce  in 
man,  or  in  which  an  intermediate  bone  has  been  permanent  in  this 
situation^.  The  ramus  becomes  increased  in  thickness,  partly  by 
growth  above  the  dental  canal,  to  afford  room  for  the  fangs  of 
the  teeth,  and,  still  more,  by  the  thickening  below,  which  takes 
place  to  enable  the  jaw  to  withstand  the  powerful  contraction  of  the 
masticatory  muscles.     While  these  changes  are  going  on,  and  the 


1  KoUiker,  adducing  this  as  an  instance  in  which  part  of  one  of  the  "secondary 
cranial  bones,"  (that  is,  one  of  the  cranial  bones  "  ossifying  from  plasma  secreted  from 
the  vessels  of  the  periosteum,")  is  lengthened  through  the  medium  of  cartilage,  makes 
the  following  remai-ks:  "The  most  striking  example  of  this  kind  occurs  in  the  con- 
dyle of  the  inferior  maxilla,  where,  even  during  foetal  life,  a  thick  cartilaginous  layer 
is  deposited,  which,  so  long  as  the  growth  of  the  bane  continues,  precedes  its  longitu- 
dinal growth  exactly  like  an  epiphysial  cartilage.  I  have  noticed  the  same  thing  in 
the  articular  fossa  of  the  temporal  bone,  where,  however,  the  cartilage  is  less  developed, 
at  the  angle  of  the  inferior  maxilla  (in  the  calf)  and  at  the  anterior  extremities  of 
each  half  of  the  same  bone,  which  are  connected  by  a  semi-fibrous,  semi-cartilaginous 
substance."     Human  Histology,  i.  373. 

2  The  lower  jaw  is  not  unfrequently  wanting  altogether  in  the  lower  animals  ;  in 
some  instances  the  lateral  portions  remain  separated  by  an  interval,  and  there  is  a 
longitudinal  cleft  in  the  lower  part  of  the  mouth.  Otto's  Catalog  des  AnatomiscJien 
Museums  zu  Breslau,  p.  37.  A  case  of  deficiency  of  the  lower  jaw  in  a  human  foetus 
is  related  in  his  Selfene  Beobachtungen  2te  Sammlung,  a.  168. 
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upper  jaw  is  growing  downwards,  the  condyloid  part  elongates,  and 
the  angle  between  the  vertical  and  horizontal  portions  becomes 
less  and  less  obtuse,  till  it  is  nearly  a  right  angled  The  condyle 
becomes,  at  the  same  time,  less  rounded  anteriorly,  is  hollowed  a 
little  immediately  beneath  its  anterior  articular  edge,  and  is  bent 
slightly  forward  where  it  is  set  upon  the  neck.  The  ramus  elongates 
in  its  whole  length,  but  more  particularly  behind  the  mental  fora- 
men ;  and  the  tliree  additional  double  teeth  of  the  second  dentition 
are  developed  in  this  part.  The  time  at  which  the  several  teeth 
appear  is  subject  to  considerable  irregularity ;  and  instances  of 
elderly  persons  are  every  now  and  then  met  with,  in  whom  the 
wisdom  and  some  other  teeth  have  not  been  cut". 

When,  in  advancing  years,  the  alveoli  are  absorbed 

Changes  in  age.  . 

and  the  teeth  drop  out  the  bone  agam  becomes  shallow; 
particularly  between  the  mental  and  condyloid  portions,  where  it 
is  often  reduced  to  the  size  of  the  shaft  of  a  metacarpal  bone.  At 
the  chin  it  remains  rather  thicker,  and  its  upper  edge  is  slanted 
backwards,  in  consequence,  probably,  of  the  pressure  of  the  lower 
lip  upon  it.  But,  whereas  in  infancy  the  alveolar  processes  con- 
stituted the  chief  element  in  the  ramus,  these  have  been  removed 
in  the  aged  person,  and  the  lower,  or  "subdental,"  portion  only 
remains ;  so  that  the  mental  foramen,  which  had  been  near  the 
lower  margin  of  the  jaw,  is  now  placed  quite  upon  its  upper 
edge.  The  bone  is  very  hard  in  the  edentulous  state,  and  is  not 
subject,  so  far  as  I  know,  to  the  interstitial  absorption  and  fatty 
degeneration  which  are  so  frequently  observed  in  other  parts  of  the 
senile  skeleton.  In  order  to  permit  the  jaws,  deprived  of  teeth  and 
alveoli,  to  be  brought  into  something  like  proximity  with  one  an- 
other, so  that  the  food  may  be  rubbed  down  between  them  and 
between  them  and  the  lips,  the  angle  of  the  lower  jaw  again  be- 
comes widened  to  between  130°  and  140'',  and  the  neck  of  the  bone 
is  more  or  less  bent  backwards.     These  changes  in  the  angle  and 


^  During  the  first  dentition  the  angle  varies  from  150°  to  130°.  In  the  second 
dentition  it  is  reduced  to  about  115°.  In  the  Negro  and  Mongolian  it  is  rather  wider 
than  in  the  European. 

^  Otto's  CaAalor/  des  Anatryinischen  Museums  zu  Breslau,  p.  53. 
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neck  are,  probably,  in  some  measure,  dependent  upon  the  influence 
of  the  masseter  internal  pterygoid  and  temporal  muscles,  wliicli 
tends  to  bring  the  condyle  and  the  ramus  into  a  straight  line,  after 
the  resistance  afforded  by  the  contact  of  the  teeth  with  those  of 
the  upper  jaw  has  been  withdrawn.  As  a  consequence  of  these 
changes  the  jaw  is  elongated  and  the  chin  is  thrown  forwards,  so 
that  when  the  mouth  is  closed  the  latter  is  in  a  plane  considerably 
in  front  of  the  corresponding  part  of  the  upper  jaw,  the  nose  and 
the  chin  come  together,  and  the  relation  of  the  parts  at  preceding 
periods,  when  the  upper  jaw  projected  in  front  of  the  lower,  is 
reversed.  After  all,  therefore,  there  cannot  be  much  contact  between 
the  upper  and  lower  gums.  The  fact  is,  that  mastication  is  per- 
formed very  imperfectly,  the  food  being  merely  softened  by  the 
saliva  and  rubbed  down  a  little  between  the  lips  and  the  gums ; 
and,  as  a  compensation  for  the  deficiency  of  trituration  in  the  mouth, 
it  would  seem  that  the  digestive  powers  of  the  stomach  are  in- 
creased. I  have  observed  this  to  be  the  case  in  so  many  instances 
that  I  am  inclined  to  regard  it  as  a  general  rule,  that  the  powers 
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Fig.  I.  Side  view  of  exterior  of  lower  jaw  at  birth,  showing  the  width  of  the 
"  angle  "  and  the  prominence  of  the  "coronoid  process."  A  is  the  "  anterior  mental 
foramen,"  with  a  bristle  {£)  passed  through  it  along  the  inferior  dental  canal.  0  is 
the  "mental  foramen,"  situated  beneath  (D)  the  first  molar  socket  and  communicating 
directly  with  it. 

Fig.  2.  Side  view  of  jaw  of  child,  in  which  first  dentition  is  complete:  the  outer 
shell  has  been  removed  to  expose  the  teeth.  A  and  £,  two  molars,  the  latter  a  per- 
manent tooth.  C  and  D,  second  and  third  molars.  E,  F,  the  two  bicuspids.  G,  H,  the 
two  pennanent  incisors.  The  six  last  mentioned  lie  quite  concealed  in  the  ramus  of 
the  jaw.     The  "  angle  "  is  nearly  as  wide  as  at  birth. 

Fig.  3.  Similar  view  of  adult  jaw.  The  "angle"  is  nearly  a  right  angle.  C,  the 
"  mental  foramen."     There  is  no  distinct  trace  of  an  anterior  mental  foramen. 

Fig.  4.  Similar  view  of  jaw  of  an  old  person.  The  angle  is  obtuse ;  the  coronoid 
process  is  sharp,  the  condyle  flattened  from  before  backwards.  C,  the  "' mental  fora- 
men," is  large,  and  quite  upon  the  upper  edge  of  the  ramus.  D,  the  narrow  part  of 
the  ramus.  E,  the  upper  edge  of  the  mental  portion  sloped  backwards.  The  alveoli 
are  quite  removed,  and  the  upper  edge  of  the  jaw  is  smooth  and  hard  like  the  rest 
of  the  bone. 

Fig.  5.  Side  view  of  edentulous  skull,  showing  the  elongated  condition  of  the 
lower  jaw,  and  its  relation  to  the  upper  jaw.  A,  the  projecting  nasal  sjDine  of  the  supe- 
rior maxiUa.     The  alveoli  of  both  upper  and  lower  jaws  are  gone.     C,  mental  foramen. 
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of  tlie  stomacli  increase  about  the  same  time  that  those  of  the  jaws 
begin  to  fail.  Among  other  changes  incidental  to  age  the  coronoid 
process  becomes  thin  and  pointed,  the  condyles  become  narrow 
from  before  backwards,  and  more  hollowed  in  front ;  they  rest  upon 
the  glenoid  cavity  by  a  narrow  portion  of  their  anterior  aspect,  and 
the  cartilage  disappears  from  the  remainder  of  their  sm-face. 

The  lower  jaw,  like  the  upper,  is  subject  to  a  variety  of 
diseases,  which  are  often  excited  by  a  morbid  condition  of  the 
teeth,  of  the  membrane  which  lines  the  alveolar  sockets,  or  of  the  gums. 
Many  tximours,  of  fibrous,  osseous,  cystic  (simple  and  multilocular'), 
and  cancerous  nature,  are  developed  in  it.  It  is  therefore  often  the  sub- 
ject of  operation.  Large  portions  may  be  removed  without  much  diffi- 
culty or  danger;  but  the  effect  of  breaking  in  upon  the  alveolar  arch 
is  serious;  inasmuch  as  the  portion  of  the  jaw  whicli  is  left  does  not 
retain  its  proper  position,  and  the  teeth  cannot  usually  be  brought  into 
contact  with  those  of  the  upper  jaw.  The  mental  portion  of  the  jaw 
is  sometimes  bent  downwards,  and  the  alveolar  processes  are  directed 
forwards,  so  that  the  incisor  teeth  cannot  be  approximated  to  those  of 
the  upper  jaw.  This  may  result  from  the  contraction  of  a  cicatrix  in 
fi-ont  of  the  neck.  I  found  the  same  change  caused  by  the  pressure  of 
an  enlarged  tongue  prolapsing  through  the  mouth',  and  in  another  case 
by  the  long-continued  pressure  of  an  enormous  ranula. 


OTHER  BONES  OF  FACE. 

j^^g_  The  Palate-hones,  placed  between  the  superior  maxil- 

bones.  laiy  and  spheuoid,  are,  as  to  their  palatine  and  orbital 

portions  (page  213),  small  in  man  in  comparison  with  most  of  the 
lower  animals.  They  embrace  the  posterior  round  ends  of  their 
respective  maxillse,  overlap  the  palatine  plates  of  those  bones,  and 
assist  to  cover  the  hinder  part  of  the  antral  opening.  At  the  point 
of  union  of  the  fom*  corners  of  the  maxillary  and  palate-bones  two 
of  the  angles  unite  diagonally,  separating  the  other  tAvo,  just  as  we 


1  EdhibuTfjli  Medical  Journal,  Nov.  1S57,  P-  466. 
^  Medico-Ch'h'urgical  Transactions,  xxxvi. 
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nsnally  find  to  be  the  case  with  the  angles  of  the  frontal  and 
parietal  bones  when  the  frontal  suture  is  persistent.  Each  palate- 
bone  is  developed  from  one  nucleus,  which  appears,  between  the 
fortieth  day  and  the  third  month,  at  the  angle  of  union  of  the  hori- 
zontal with  the  vertical  portion.  The  palatine  |)i'Ocess  soon  shoots 
inward  to  meet  that  of  the  opposite  side.  In  the  young  child  the 
bone  has  very  little  depth ;  the  transverse  measurement  is  greater 
than  the  vertical,  and  the  orbital  portion  is  not  yet  formed. 

The  thick  furrowed  upper  extremity  of  the  Vo7ner 
embraces  the  keel-shaped  under-surface  of  the  body  of 
the  sphenoid,  so  that  the  increase  of  the  depth  of  the  latter,  and 
the  formation  of  the  sinus  in  its  interior  have  direct  relation  to  the 
downward  growth  of  the  jaws.  The  sharp  median  antero-inferior 
angle  of  the  sphenoid  is  received  between  the  plates  of  the  vomer, 
which  rise  up  on  either  side  of  it ;  and  the  bony  laminse  which 
extend  inwards  from  the  bases  of  the  pterygoid  processes  overlap 
the  hinder  forked  extremity  of  the  vomer.  Thus  the  bone  is  held 
securely  in  its  position,  and  displacement  downwards  and  back- 
wards, as  well  as  upwards,  is  effectually  prevented.  It  becomes 
thinner  as  it  descends.  Its  hinder  edge  is  free,  forming  the  inner 
margin  of  each  of  the  posterior  openings  of  the  nares.  Its  sharp 
lower  edge  is  applied  in  a  wavy  line  upon  the  projecting  ridge 
formed  by  the  union  of  the  palate  and  maxillary  bones  of  the  two 
sides.  Its  anterior  extremity,  which  is  thicker,  abuts  against  the 
nasal  spine  of  the  maxillte.  Its  upper  eige  is  thin  and  single, 
where  it  is  in  contact  with  the  ethmoid ;  thicker,  and  in  early  life 
double,  where  it  is  connected  with  the  septal  cartilage.  The  vomer 
is  marked  on  either  side  by  a  groove  for  the  nerve  descending,  from 
the  spheno-palatine,  to  the  anterior  palatine  hole.  (Plate  XV.  fig.  1.) 
Ossification  begins  at  the  upper  part  at  the  fifty-fifth  day  (Be- 
clard),  or  in  the  fourth  month  (Meckel).  There  is  only  one  nucleus. 
From  this  two  lamina  grow  down,  one  on  either  side  of  the  median 
line.  They  are,  at  first,  separated  by  a  considerable  interval,  and 
they  enclose  between  them  the  unossified  cartilage,  which  is  pro- 
longed forwards,  and  forms  the  remainder  of  the  septum.  The 
coalescence  of  the  laminse  goes  on  from  behind  forwards,  but  is  not 
complete  till  after  puberty ;    even  then  there  remains  a  groove  for 
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the  reception  of  tlie  septal  cartilage.     The  laminse  remain  separate 
to  a  greater  extent  in  other  mammals  than  in  man. 
Inferior  Ossification  bcgins  in  the  inferior  Spongy  hone  in 

Spongy  boue.  x\^q  f^ftli  month,  and  goes  on  quickly.  The  hook-like 
process  "\Yhich  extends  into  the  antrmn  is  ossified  after  birth.  It 
has  its  broad  end  directed  forwards  and  applied  against  the  nasal 
process  of  the  maxillary  bone.  Its  lower  edge  slants  from  behind, 
npwards  and  forwards  in  two-thirds  of  its  length,  so  as  to  catch  the 
inspired  current.    (See  page  215.) 

The  Lachrymal  hones  form  a  small  item  in  the  human 

LachrjTual  bones.  .         . 

skull ;  and  tliey  vary  m  size  and  shape,  in  some  cases  the 
crista  laclirymalis  is  wanting  or  very  small ;  and  there  is,  consequently, 
no  line  of  division  between  the  foi-e  and  hinder  parts  of  the  bone.  Each 
lachrymal  bone  may  be  continuous  with  the  lamina  of  the  sethmoid,  or  be 
divided  by  a  vertical  sutTire\  or  be  so  small  as  not  to  assist  in  forming 
the  lachr-ymal  canal;  or  it  may  be  absent  altogether,  its  place  being  sup- 
plied by  the  nasal  process  of  the  maxillary  bone^,  or  by  it  conjoined 
with  the  sethmoid.  These  bones  are  much  larger  in  other  mammals;  in 
Graminivora  they  occupy  the  place  of  the  nasal  processes  of  the  maxil- 
lary bones,  which  are  tiamcated  and  do  not  reach  the  frontal.  Ossifica- 
tion begins  in  the  lachrymal  bones  at  about  the  55th  day  (Beclard),  or 
in  the  5th  or  6th  month  (Meckel).  At  birth  their  size,  like  that  of  the 
orbits,  is  large  in  proportion  to  that  of  the  other  facial  bones. 

The  Nasal  hones  are   applied  against'  one  another, 

Xasal  bones.  .    .  i  i  ■    i 

and  are  joined  together  so  as  to  torm  an  arch,  which 
rests  upon  the  nasal  processes  of  the  maxillaiy  bones.  The  line  of 
union  with  the  latter  is  serpentine ;  and  there  is  an  alternation  in 
the  overlapping  of  the  respective  edges,  so  that  displacement  is 
quite  provided  against.  The  thick,  jagged,  upper  ends  of  the  nasal 
bones  are  closely  united  with  the  deeply  dentated  nasal  process  of 
the  frontal  bone ;  and  their  thin,  notched,  lower  edges  are  connected 
with  the  fibrous  tissue  and  cartilages  of  the  nose.  The  arch  formed 
by  their  union,  and  the  anterior  cmwature  in  their  length,  both  con- 
tribute to  throw  out  the  bridge  of  the  nose,  the  prominence  of  which 


^  Hyrtl,  Anatomie.  s.  201.  ^  Otto,  p.  181. 
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is  a  characteristic  feature  of  the  human  face,  and  is  most  marked  in 
the  higher  races  of  mankind,  and  more  marked  in  the  adult  than 
in  the  child.  The  groove  on  the  hinder  surface  of  each  nasal  bone, 
leading  to  the  deep  notch  in  its  lower  end,  is  for  the  naso-lobular 
branch  of  the  fifth  nerve.  A  separate  branch  of  the  ners^e  often 
passes  through  a  small  hole  near  the  middle  of  the  bone.  The  nasal 
bones  begin  to  ossifj  as  early  as  between  the  2nd  and  3rd  month. 

In  a  few  instances  but  one  nasal  bone  has  been  found,  reminding  us  of 
the  Monkey ' :  this  is  the  case  in  the  skull  of  a  native  of  Congo,  set.  37, 
in  the  Cambridge  museum.  Or  there  may  have  been  originally  two 
bones  which  have  become  early  united;  and  it  may  be  observed  that  the 
suture  between  the  nasal  bones  is  obliterated  earlier  than  any  other 
in  the  face.  Sometimes  they  are  wanting,  the  deficiency  being  supplied 
by  the  enlarged  nasal  processes  of  the  maxillary  bones ^  In  the  little 
child  they  are  straighter  and  of  more  uniform  width;  as  the  face  grows 
larger  they  become  lengthened,  more  curved  and  arched,  and  wider  at 
their  lower  ends. 

The  Malar  hones  are  yoke-bones  between  the  jaws 

Malar  bones.  tt-t  n    ^  •  i     •  ii 

and  the  sides  oi  the  cranium,  being  connected  above  with 
the  frontal  and  sphenoid,  behind  with  the  zygomatic  processes  of 
the  temporal  which  overlap  them,  and  in  front  with  the  sides  of 
the  upper  jaw,  in  the  manner  mentioned  at  page  282.  Like  most 
of  the  other  bones  of  the  face  each  malar  bone  is  perforated 
by  a  branch  of  the  fifth  nerve,  which  is  distributed  to  the  skin 
over  it.  It  begins  to  ossify  between  the  50th  day  and  the  3rd 
month.    At  birth  it  is  fully  formed. 

In  the  Monkey  the  malar  bone  extends  further  into  the  orbit,  and 
separates  that  cavity  from  the  temporal  fossa  more  completely  even  than 
it  does  in  man;  but  in  other  animals  it  has  little  or  no  connection  with 
the  sphenoid;  and  in  most  Carnivora  it  does  not  even  touch  the  frontal 
bone,  but  forms  merely  a  band  between  the  jaw  and  the  temporal  bone, 
so  that  the  orbit  and  the  temporal  fossa  are  one  cavity.  In  the  Kan- 
garoo it  runs  back  beneath  the  zygoma  as  far  as  the  glenoid  cavity. 


■•  In  the  monkey  the  single  nasal  bone  tapers  towards  its  upper  end,  and  barely 
reaches  the  frontal  bone.     In  other  animals  there  are  two  nasal  bones. 
-  Otto,  p.  i8i. 
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Breschet',  having  examined  a  vast  number  of  skeletons,  met  with, 
ten  cases  in  which  the  malar  bone  was  divided  by  a  horizontal  suture 
into  two  portions.  In  only  one  case  did  the  division  exist  on  both 
sides  of  the  same  skull.  He  found  a  similar  condition  in  some  of 
the  Quadrumana;  and,  iu  a  few  instances,  he  met  with  two  and  even 
thi-ee  nuclei  in  the  human  foetus.  In  several  yovmg  bones  I  have 
found  a  fissure  extending  horizontally  through  the  orbital  plate,  so  as 
to  create  a  partial  division  of  the  bone  into  two  pieces.  Occasionally  the 
bone  is  absent  altogether". 


1  Annales  des  Sciences  Naturelles,  1844,  Tom.  i.  A  similar  division  of  the  malar 
bone  into  two  or  three  pieces  placed  one  above  the  other  has  been  noticed  by  Sandifort, 
Soemmerring,  and  Spix. 

^  Jourdain,  Encycl.  Anat.  11.  6r. 
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is  the  only  joint  in  tlie  skull  permitting  one  bone  to  move  upon 
another.  It  is  protected  by  ligaments  which  smTOund  the  joint, 
and  which  are  almost  continuous  with  one  another,  so  that  they 
might  be  described  as  forming  one  capsular  membrane;  but  as 
they  are  thicker  at  some  parts  than  at  others,  they  will  be  better 
understood  if  they  be  treated  of  separately,  as  "external,"  "in- 
ternal," "anterior,"  and  "  posterior"  portions  or  ligaments. 
External  late-  T^^'^Q  External  lateral  ligament  (fig.  1,  (7)  is  the  strong- 

rai  ligament,  ggi;  of  all,  and  has  the  most  extensive  attachments.  It 
arises  from  nearly  the  whole  of  the  lower  edge  of  the  zygomatic  pro- 
cess of  the  temporal  bone.  Its  anterior  fibres,  which  reach  almost  to 
the  malar  bone,  and  are  of  considerable  strength,  pass  very  obliquely 
backwards  and  downwards ;  the  middle  ones  are  less  oblique,  and 
the  hinder  ones  are  shorter  and  nearly  straight:  they  are  all  inserted 
into  the  ridge  descending  from  the  outer  extremity  of  the  condyle. 
I  do  not  find  that  any  of  them  are  attached  to  the  condyle  itself, 
so  that  this  part  of  the  bone  is  free  to  slide  backwards  and  forwards 
under  the  ligament.  The  chief  office  of  this  ligament  is  to  prevent 
the  condyle  being  pressed  backwards  against  the  post-glenoid  and 
vaginal  processes  of  the  temporal  bone  when  the  mouth  is  closed. 
Its  hinder  fibres  prevent  the  condyle  being  thrust  too  far  forwards 
when  the  mouth  is  open.  It  also  limits  the  extent  to  which  the 
jaws  can  be  separated ;  and,  when  the  mouth  is  being  opened 
wide,  it  will,  by  fixing  the  neck  of  the  jaw  and  making  it  the 
centre  of  motion,  cause  the  condyle  to  advance  forwards  upon  the 
glenoid  ridge. 


^  For  shape  of  articular  surfaces,  see  Temporal  Bone  (p.  254),  and  Lower  Jaw  (p.  ■287). 
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The  Internal  lateral  Uqaments  (fiffs.  2  and  3,  E  and 

Long  and  short  '^  ^    ° 

internal  lateral  F)  are  two ;  a  long  and  a  short.  The  former,  usually 
described  as  "  the  internal  lateral  ligament,"  descends, 
from  the  outer  part  of  the  spine  of  the  sphenoid  bone  and  the  con- 
tiguous edge  of  the  glenoid  cavity,  downwards  and  outwards,  to  the 
lower  jaw,  beneath  the  dental  foramen,  where  it  is  attached  to  the 
spine  of  the  maxilla  and  covers  over  the  groove  for  the  mylo-hyoid 
nerve.  The  Short  internal  ligament,  which  seems  to  have  escaped 
the  observation  of  anatomists,  though  it  is  a  well-defined  structure, 
stronger  and  more  worthy  of  attention  than  the  preceding,  arises  by 
a  broad  base,  a  little  external  to  and  in  front  of  it,  from  near  the 
same  point  of  the  sphenoid  spine,  and  is  attached,  by  a  narrower 
apex,  to  the  sharp  ridge  descending  from  the  inner  extremity  of  the 
condyle,  immediately  behind  the  insertion  of  the  external  pterygoid 
muscle.  It  is  separated  from  the  long  internal  lateral  ligament  by 
fat  and  cellular  tissue.  Like  the  external  lateral  ligament  it  passes 
over  the  condyle,  so  as  not  to  interfere  with  its  backward  and 
forward  movement;  and  it  combines  with  that  ligament  in  limiting 
the  advance  of  the  condyle  forwards  when  the  mouth  is  open,  and 
in  preventing  its  too  great  retrocession  when  the  mouth  is  closed. 
By  fixing  the  neck  of  the  bone,  when  the  mouth  is  being  opened, 
it  also  combines  with  the  outer  ligament  in  promoting  the  forward 
movement  of  the  condyle.  A  line  drawn  through  the  neck  of  the 
jaw,  between  the  points  of  insertion  of  these  two  ligaments  (i.  e. 
the  short  internal  and  the  external  lateral  ligaments),  rej)resents 
the  axis  upon  which  the  jaw  revolves  during  the  opening  and 
shutting  of  the  mouth;  and  the  condyle  plays  forwards  and 
backwards  between  the  two  ligaments,  both  of  which  tend  to 
prevent  its  displacement  in  a  lateral  direction  as  well  as  backwards 
or  forwards. 

Posterior  '^^®  Posterior  ligament  (fig.  5,  L)  connects  the  exter- 

ligament.  ^-^^  q^-^^  ^]^g  short  internal  ligaments  together.       It  is 

attached  between  them  to  the  hinder  edge  of  the  glenoid  cavity,  just 
in  front  of  the  Jissura  Glaseri,  and  is  inserted  between  them  into  the 
hinder  smface  of  the  jaw,  below  the  neck.  It  assists  them  in  limiting 
the  forward  movement  of  the  jaw.  The  long  internal  lateral  liga- 
ment is  also  united  to  it  by  fibrous  tissue,  and,  in  some  instances, 
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Anterior  seeiiis  to  be  coiitiiiuous  with  it.    The  Anterior  ligament 

ligament.  scarcely  deserves  a  special  name  or  description.  It  will 
be  mentioned  again  presently. 

interarticuiar  ^hc    Interarticular  fihro-cartilage    (fig.  3,  H,  figs, 

fibro-cartiiage.  4  g^j^jj  5^  ^^  forms  an  important  element  in  this  joint.  It 
is  shaped  so  as  to  fit  npon  the  condyle,  and  is  thinner  at  the  middle 
than  at  the  circumference.  Now  and  then  it  is  perforated  in  the 
middle.  It  divides  the  joint  transversely  into  two  distinct  cavities, 
each  having  a  separate  synovial  membrane;  and  these  synovial  mem- 
branes, strengthened  by  some  fibrous  tissue,  which  passes  off  from 
the  circumference  of  the  interarticular  cartilage,  above  and  below, 
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Fig.  I.  The  right  tempore -maxillary  joint  seen  from  the  outer  side.  A,  mastoid 
process.     B,  zygoma.     C,  external  lateral  ligament.     D,  the  stjdoid  process. 

Fig.  2.  The  same  joint  seen  from  the  inner  side.  A,  cut  edge  of  temporal  bone. 
B,  cut  edge  of  sphenoid.  C,  spine  of  sphenoid.  D,  lower  jaw,  which  has  been  drawn 
a  little  forwards.  E,  long  internal  lateral  ligament,  which  has  been  partly  removed. 
F,  short  internal  ditto.     G,  external  pterygoid  muscle. 

Fig.  3.  Vertical  section,  from  side  to  side,  through  the  same  joint,  viewed  from 
behind.  A,  cut  edge  of  temporal  bone  at  zygoma.  B,  cut  edge  of  sphenoid.  C,  spine 
of  sphenoid.  Z),  lower  jaw.  i?  and  i^,  long  and  short  internal  lateral  ligaments.  G, 
external  lateral  ligament.  H,  interarticular  fibro-cartilage,  with  the  fibro-synovial 
ligaments  passing  from  its  edge  downwards  to  the  neck  of  the  jaw,  whence  the  synovial 
membrane  is  reflected  upon  the  lateral  ligaments  on  either  side  and  passes  upwards  to 
the  glenoid  cavity ;  so  that  the  articular  space  above  the  fibro-cartilage  is  considerably 
larger  than  that  below  it. 

Fig.  4.  Vertical  section  from  before  backwai'ds  through  the  same  joint,  with  the 
condyle  resting  in  the  glenoid  cavity ;  the  mouth  being  shut.  A,  cut  edge  of  temporal 
bone.  B,  post-glenoid  process.  C,  edge  of  tympanic  bone,  which  separates  parotidean 
fossa  from  external  auditory  canal.  J),  thin  lamina  of  bone  separating  glenoid  cavity 
from  cranial  cavity.  E,  ridge  in  front  of  glenoid  cavity.  The  thick  hinder  edge  of  the 
interarticular  cartilage  (F)  is  in  the  deepest  part  of  the  glenoid  cavity;  its  thinner 
middle  part  lies  between  the  fore  part  of  the  condyle  and  the  hinder  part  of  the  glenoid 
ridge;  its  antero-superior  fibro-synovial  ligament  (G)  is  on  the  stretch.  The  external 
pterygoid  muscle  (If)  is  connected  with  the  lower  edge  of  the  fibro-cartilage,  with  the 
infero-anterior  fibro-synovial  ligament  and  with  the  fore  part  of  the  condyle. 

Fig.  5.  Same  preparation,  with  the  condyle  drawn  forwards  upon  the  glenoid 
ridge,  the  mouth  being  open.  The  fibro-cartilage  has  advanced  with  the  condyle, 
which  has  revolved  slightly  beneath  it ;  so  that  the  thinnest  part  of  the  fibro-cartilage 
now  intervenes  between  the  upper  surface  of  the  condyle  and  the  middle  of  the  glenoid 
ridge.  A  to  H,  the  same  as  in  preceding  specimen.  /  and  K,  supero-  and  infero-pos- 
terior  fibro-synovial  ligaments.     L,  posterior  ligament  of  the  joint. 
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liold  it  in  its  place.  On  the  sides  the  cartilage  is  connected  with 
the  lateral  ligaments  by  loose  cellular  tissue,  which  permits  it  to 
pass  freely  between  them  in  its  attendance  upon  the  movements  of 
the  condyle.  The  fibro-synovial  membranes,  or  ligaments,  leave 
the  hinder  edge  of  the  cartilage  and,  diverging  from  one  an- 
other, rmi  some  distance  to  reach  the  upper  and  lower  attachment 
of  the  posterior  ligament.  The  fibro-synovial  membranes  at  the 
fore  part  of  the  interarticular  cartilage  are  of  less  extent,  and 
proceed  upwards  to  the  fore  part  of  the  glenoid  ridge  and  down- 
wards to  the  anterior  edge  of  the  condyle.  They  form  the  only 
antei'ior  ligament  of  the  joint;  and  some  of  the  fibres  of  the  exter- 
nal pterygoid  are  inserted  into  them  and  into  the  edge  of  the  fibro- 
cartilage  between  them.  The  synovial  sac  above  the  fibro-cartilage 
is  larger  than  that  below  it,  in  accordance  with  the  larger  size  of 
the  articular  surface  of  the  temporal  bone  in  comparison  with  that 
of  the  lower  jaw,  and  with  the  fact  that  the  cartilage  and  the 
condyle  slide  backwards  and  forwards  together  upon  the  glenoid 
ridge.  The  anterior  fibro-synovial  ligaments  are  not  of  sufficient 
length  to  permit  the  fibro-cartilage  to  pass  far  back  into  the  glenoid 
cavity;  accordingly,  when  the  mouth  is  shut,  the  hinder  thick  edge 
of  that  body  occupies  the  bottom  of  the  cavity  and  defends  the 
comparatively  delicate  lamina  of  bone,  which  forms  the  septum 
between  it  and  the  dura  mater,  from  the  pressure  of  the  jaw ;  and 
the  thinner  middle  part  intervenes  between  the  glenoid  ridge  and 
the  anterior  surface  of  the  condyle  of  the  jaw.  (Fig.  4,  F.) 
Movements  of  "^^^  cliicf  movement  of  this  joint  is  the  hinge-like 

tiie  joLat.  Q^g  Qf  opening  and  shutting  the  mouth,  during  which,  in 

consequence  of  the  action  of  the  external  pterygoid  muscles,  and  of 
the  disposition  of  the  lateral  ligaments  just  described,  the  condyle 
advances  upon  the  glenoid  ridge.  It  should  not  pass  quite  to  the 
summit  of  the  ridge,  but  should  stop  a  little  behind  the  summit, 
where  it  is  so  situated  with  regard  to  the  temporal  masseter  and 
internal  pteiygoid  muscles  that  when  they  contract,  for  the  purpose 
of  raising  the  ramus  of  the  jaw  and  shutting  the  mouth,  they,  at 
the  same  time,  press  the  condyle  up  the  slope  of  the  glenoid  ridge 
back  again  into  the  glenoid  fossa.  By  this  oblique  sliding  of  the 
condyle  to  and  fro  upon  the  slope  of  the  glenoid  ridge  two  points 
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are  attained.  First,  a  greater  range  of  movement  is  imparted  to  the 
alveolar  portion  of  the  jaw  by  a  given  amount  of  muscular  con- 
traction; and  secondly,  a  cutting  action  is  given  to  the  incisor  teeth, 
in  consequence  of  the  lower  teeth  being  drawn  up  behind  the  upper, 
the  anterior  edges  of  the  former  being  at  the  same  time  kept 
opposed  to  the  hinder  edges  of  the  latter. 

Usually  the  advance  of  the  condyle  beyond  the  point 
Dislocation.  indicated  is  restricted  by  the  hinder  fibres  of  the  lateral 
ligaments,  and  by  the  posterior  ligament ;  occasionally,  how- 
ever, when  the  mouth  is  opened  very  wide,  as  in  gaping,  the  condyle 
overshoots  its  proper  limits,  passes  over  the  summit  of  the  ridge,  and 
becomes  lodged  in  front,  constituting  the  common  dislocation  of  the  jaw. 
In  that  position  the  lateral  ligaments,  being  tightened,  prevent  the 
return  of  the  condyle  over  the  ridge,  and  the  contraction  of  the  muscles 
tends  rather  to  increase  the  displacement;  so  that  artificial  means  are 
requisite  to  restore  the  bone  to  its  proper  position.  This  may  usually 
be  done,  without  much  difficulty,  by  pressing  down  the  molar  and 
elevating  the  mental  portion  of  the  jaw.  The  dislocation  is  not  com- 
monly attended  with  any  laceration  of  the  synovial  membrane  or  other 
soft  parts;  accordingly  the  patient  feels  no  inconvenience  directly  after 
it  has  been  reduced.  It  may  be  easily  produced  in  the  dead  subject.  It 
may  be  observed,  that  the  anterior  edge  of  the  glenoid  ridge  is  covered 
with  cartilage,  and  we  might,  therefore,  suppose  that  the  condyle  natu- 
rally plays  upon  this  part;  but  it  is  not  so.  The  cartilage  here  is 
for  the  contact  of  the  interarticular  cartilage  and  not  of  the  condyle, 
which  in  the  ordinary  movements  never  reaches  the  front  of  the  glenoid 
ridge. 

Very  little,  if  any,  true  lateral  movement  of  the  iaw 

Lateral  move-      ^  .  .  .  .  . 

ment  and  rota-  is  possiblc,  ill  conscqueiice  of  the  oblique  direction  of 
the  glenoid  cavities  and  of  the  condyles  which  are  slanted 
backwards  and  upwards  as  well  as  inwards.  When  the  mental 
portion  of  the  jaw  is  moved  to  one  side  the  condyle  of  that  side 
rotates  slightly  upon  an  axis  drawn  perpendicularly  through  its 
outer  part,  its  inner  edge  mounting  a  little,  and  the  opposite  con- 
dyle still  more,  upon  their  respective  glenoid  ridges.  Under 
ordinary   circumstances    however,    in   mastication,    both   condyles 
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advance  a  little  and  perform  a  slight  circular  movement  upon  tlie 
glenoid  ridges, 

Hinge-like  move-  ^lie  liinge-likc  movcnients  of  the  jaw,  in  opening 
ments  between  r^:Yid   shuttiuff    the    nioutli,   are    principally    performed 

condyle  and  °  .  . 

fibro-cartnage ;  between  the  condyle  and  the  fibro-cartilage,  in  the  lower 

other  move-  .,.„,..  t        i  c 

ments  are  be-  sjuoviai  cavitj  01  the  jomt.  in  the  movcmeut  01  open- 
tuagefnd°  '^^'  ^^"^8"  *^^®  moutli  the  condyle  first  advances  a  little  beneath 
glenoid  cavity,  -j^j^g  fibro-cartilagc,  so  as  to  be  placed  more  under  its 
middle ;  and  then  revolves  beneath  it  upon  a  transverse  axis.  If 
the  movement  be  carried  beyond  a  certain  point  which  is  the 
usual  limit,  the  condyle  then  again  advances  a  little  further 
forward  under  the  cartilage.  In  the  other  movements — the  sliding 
forwards  and  backwards  and  the  rotatory  movements — the  car- 
tilage, owing  to  its  connection  with  the  jaw  and  the  external 
pterygoid  muscle,  accompanies  the  condyle  and  ever  presents  a 
concave  surface  to  it.  These  movements,  therefore,  are  chiefly 
performed  between  the  cartilage  and  the  glenoid  ridge  in  the 
iijJjjer  synovial  cavity  of  the  joint.  Hence  the  interarticular  carti- 
lage performs  a  treble  office;  it  presents  a  concave  sm'face  to  the 
condyle  when  mounting  upon  the  glenoid  ridge ;  it  presents  one 
sm-face  upon  which  the  hinge-like,  and  another  upon  which  the 
sliding,  movement  of  the  jaw  may  take  place;  and,  forming  a  sort 
of  elastic  buffer  between  the  two  bones,  it  prevents  and  intercepts 
the  many  slight  jars  and  shocks  which  necessarily  occm'  during 
the  process  of  mastication,  and  which  would  be  very  annoying  in 
this  situation. 

I  am  not  aware  that  any  variety  of  dislocation  lias  been  described 
except  the  one  just  mentioned.  Mr  E,.  W.  Smith'  has  given  the 
account  of  a  "  congenital  dislocation,"  which  he  had  the  opportunity  of 
dissecting.  The  condyle  of  the  jaw  was  scarcely  developed  at  all;  the 
transverse  root  of  the  zygoma  was  wanting,  and  there  was  consequently 
no  glenoid  cavity;  indeed  the  whole  zygomatic  process  of  the  temporal 
bone  was  very  imperfect,  and  the  malar  hone  was  proportionately  long, 


1  Treatise  on  FraMures  and  certain  forms  of  Accidental  and  Congenital  Dislocations. 
Dublin,  1847. 
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extending  back  to  witliin  lialf  an  incli  of  the  external  auditory  canal. 
This  joint  is  rarely  the  seat  of  any  disease  except  "  chronic  Rheumatic 
arthritis,"  which  gives  rise  to  the  same  alterations  here  as  in  other  parts, 
destroying  the  cartilages  and  the  shape  of  the  articular  surfaces.  In  a 
young  woman,  in  whose  case  the  disease  was  the  cause  of  great  discomfort 
and  distortion  of  the  face,  I  excised  the  condyle  of  the  affected  joint 
with  very  good  result'. 


^  Association  Medical  Journal,  1856,  p.  61. 
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OCCIPITO-ATLANTAL  JOINT.      {Plate  XIX.) 

The  other  moveable  joint  of  which  the  cranium  forms 
a  part — that,  namelj,  between  the  occipital  bone  and 
the  spine — resembles  the  temporo-maxillary,  in  that  it  consists  of 
two  symmetrical  joints  placed  one  on  either  side  of  the  middle  line, 
whereby  a  greater  width  is  given  to  the  basis  upon  which  the  head 
rests.  The  resemblance  is  further  carried  out  in  the  oblique  direc- 
tion of  the  articular  surfaces  of  the  joints  with  regard  both  to  a  ver- 
tical and  a  horizontal  plane.  Thus  the  condyles  of  the  occipital 
bone  are  directed  obliquely  from  within,  outwards  and  backwards, 
along  the  antero-lateral  edge  of  the  foramen  magnum ;  they  are 
convex  from  before  backwards  and  slightly  so  from  side  to  side; 
and  their  surfaces  are  oblique,  slanting  upwards  and  outwards. 
The  chief,  if  not  the  only,  movement  is  of  a  hinge-like,  to-and- 
fro,  or  nodding  kind;  it  takes  place  on  an  axis  drawn  transversely 
through  the  condyles,  or  a  little  above  them,  about  the  centre 
of  the  circle  of  which  they  hoth  form  a  segment.  I  have  found, 
in  addition,  in  some  instances,  a  slight  oblique  rotatory  movement 
in  the  direction  of  either  condyle,  upon  an  oblique  axis  drawn 
through  the  centre  of  the  circle  of  which  each  condyle  forms  a  seg- 
ment. It  was  very  slight  in  any,  and  in  some  it  could  not  be 
produced  at  all  without  separating  the  articular  surfaces ;  by  this 
movement  the  face  is  tm-ned  upwards  and  to  the  left,  or  down- 
wards and  to  the  right,  or  in  the  diagonal  directions,  as  may  be 
required.  No  lateral  movement  is  possible,  and  very  little,  if  any, 
inclination  to  either  side,  or  rotation  upon  a  truly  vertical  axis. 

The   ligaments   are  disposed   as   follows:    (1)    The 

Capsular  ligament   passes   between    the    corresponding 

articular  edges,  and  covers  in  the  cavity,  on  either  side ;  it  is  not  very 

20—2 


308  CONNECTION   OF   THE   HEAD   WITH   THE   SPINE. 

strong.  (2)  The  Posterior  ligament  (fig.  2,  /)  passes  from  the  mar- 
gin of  the  occipital  hole,  behind  the  condyles,  to  the  npper  edge  of 
the  posterior  ring  of  the  atlas.  It  is  perforated  by  the  vertebral  artery 
and  the  suboccipital  nerve  on  either  side.  It  is  not  very  strong, 
and  has  not  much  influence  upon  the  movements  of  the  joint, 
even  upon  the  nodding  forwards,  for  it  can  scarcely  be  rendered 
tense  by  forced  flexion  of  the  head  upon  the  spine ;  that  movement 
is  brought  to  a  stop  chiefly  by  the  ligaments  passing  over  the 
odontoid  process,  before  this  "posterior  ligament"  is  fully  on  the 
stretch.  Though  corresponding  in  situation  with  the  Ligamenta 
subjiava  it  has  little  or  no  elastic  tissue  in  its  composition.  (3)  The 
Anterior  ligament  (fig.  1,  G)  passes,  from  the  anterior  and  upper 
margin  of  the  atlas,  to  the  under  surface  of  the  occipital  bone,  be- 
tween and  in  front  of  the  condyles.  It  is  of  considerable  strength, 
especially  in  the  middle,  and  limits  the  elevation  of  the  face  or  throw- 
ing back  of  the  head  upon  the  spine.  The  lateral  portions  of  it  are 
disposed  obliquely,  running  from  the  fore  part  of  the  condyles  of  the 
occipital  bone,  downwards  and  outwards,  to  the  fore  part  of  the 
articular  processes  of  the  atlas.  A  thick  bundle  of  fibres,  on  either 
side,  attached  to  the  inner  edge  of  the  foramen  lacerum,  and  passing 
downwards  and  outwards  to  the  base  of  the  transverse  process  of 
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Fig.  r.  Anterior  view  of  occipito-atlantal  and  atlanto-axoidal  joints.  A,  the  cut 
surface  of  basilar  portion  of  occipital  bone.  B,  B,  ditto  of  jugular  portions.  0,  C, 
transverse  processes  of  atlas.     D,    ditto  of  axis.     E,    lower   edge   of  body  of  axis. 

F,  the  tubercle  on  the  fore  part  of  the  ring  of  the  atlas,  with  the  thick  middle  portion 
of  the  anterior  occipito-atlantal  ligament  ascending  from  it  to  the  occipital  bone,  and 
the  middle  portion  of  the  anterior  atlanto-axoidal  ligament  descending  from  it  to  the 
body  of  the  axis.  G,  lateral  portion  of  the  anterior  occipito-atlantal  ligament.  H, 
anterior  oblique  ligament.  /,  middle  and  lateral  portions  of  anterior  atlanto-axoidal 
ligament. 

Fig.  2.  Posterior  view  of  the  ligaments  uniting  the  hinder  parts  of  occipital  bone, 
atlas,  and  axis.  A,  A,  cut  edge  of  occipital  bone.  B,  B,  mastoid  processes.  C,  C, 
styloid  ditto.     D,  body  of  axis.      E,  edge  of  foramen  magnum.      F,  arch  of  atlas. 

G,  G,  transverse  processes  of  atlas.  E,  arch  of  axis.  I,  posterior  occipito-atlantal 
ligament.  K,  K,  posterior  oblique  occipito-atlantal  ligaments.  L,  the  posterior  atlanto- 
axoidal  ligament.  M,  the  lateral  joints  between  atlas  and  axis  exposed  by  the  removal 
of  the  capsular  ligaments ;  part  of  the  latter  is  left  at  N. 
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the  atlas,  is  sufficiently  marked  to  be  called  (4)  tlie  Anterior  oblique 
ligament  (fig.  1,  H).  Behind  there  is,  on  either  side,  a  still  stronger 
ligament,  which  may  be  called  (5)  the  Posterior  oblique  ligament 
(fig.  2,  K,),  passing  from  the  posterior  edge  of  the  articulating 
process  of  the  atlas,  where  it  overhangs  the  groove  for  the  verte- 
bral artery,  upwards  and  backwards,  along  the  margin  of  the  fora- 
men magnum,  so  as  nearly  to  meet  its  felloAV  in  the  middle 
line.  These  "oblique  ligaments,"  in  addition  to  their  influence 
in  limiting  or  preventing  rotation  of  the  occiput  upon  the  atlas, 
assist  to  hold  the  two  bones  together,  and  have  some  effect  in 
limiting  the  nodding  movements  of  the  head  upon  the  spine. 


ATLANTO-AXOIDAL  JOINTS.     (Plates  XIX.  XX.  XXI.) 

The  joints  between  the  atlas  and  the  axis  correspond  with 
those  between  the  other  vertebrge  in  consisting  of  a  middle  and 
two  lateral  parts  distinct  from  each  other.  They  differ  from  them, 
however,  in  that  the  middle  joint  is  composed  of  a  pin  or  pivot 
projected  from  one  bone  as  the  centre  around  which  the  other  bone 
plays. 

The  lateral  T\iQ  Lateral  joints  may  be  regarded  as  balancing 

joints.  props  which  maintain  the  level  of  the  atlas.    They  also 

limit  its  movements  to  rotation  in  a  horizontal  plane,  and  support 
it  in  such  a  manner  that  the  central  pivot,  formed  by  the  odontoid 
process  of  the  axis,  is  relieved  from  pressm-e  and  is  free  to  play 
in  its  socket,  or  rather  its  socket  is  free  to  revolve  upon  it. 
Shape  of  the  Like  thosc  of  the  joints  of  the  lower  jaw  and  of  the 

articular  facets,  occiput  witli  the  atlas,  the  articular  facets  of  these  lateral 
atlanto-axoidal  joints  are  set  obliquely  in  two  directions,  viz.  they 
are  sloped  from  above  downwards  and  outwards,  and  from  before 
backwards  and  do^NTiwards.  Those  of  the  atlas  are  of  about  the 
same  size  as  those  of  the  axis;  but  they  are  not,  in  shape,  very 
well  adapted  to  each  other.  The  articular  facets  of  the  axis  are 
decidedly  convex  in  the  antero-posterior  direction,  and  slightly  so 
from  within  outwards,  the  rise  in  the  middle  being  increased  by 
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the  cartilage,  wliicli  is  thicker  at  that  part  than  at  the  sides.  The 
corresponding  articular  facets  of  the  atlas  are  also  slightly  convex. 
In  the  dry  bones  the  latter  are  flat  or  even  concave,  but  in  the  recent 
state  the  central  depression  is  filled  up  by  the  cartilage,  which, 
as  in  the  corresponding  position  upon  the  facets  of  the  axis,  is 
thicker  in  the  middle  than  at  the  sides.  Thus  there  are  two  flat,  or 
slightly  convex,  surfaces  playing  upon  two  facets  which  are  dis- 
tinctly convex.  It  is  obvious  that  had  the  surfaces  of  the  atlas 
been  concave,  so  as  to  adapt  them  to  those  of  the  axis,  the  sliding 
movement,  which  is  the  essential  one  of  this  joint,  would  have  been 
impeded  or  prevented. 

So  arranged  as  Why  then  do  they  not  both  present  plane  surfaces  ? 

uniforirtTnsion  '^^^^  arrangement  of  the  ligaments  about  the  central 
ofiigaments      ioint  will  explain  this.     In  the  ordinary  position,  with 

m  different  ^  ^  j     l  ' 

positions.  the  face  directed  forwards,  the  middle  parts  of  the  arti- 
cular facets  of  the  atlas  rest  upon  the  middle,  most  prominent,  or 
highest  parts  of  those  of  the  axis,  those  portions  of  each  which  are 
covered  with  the  thickest  stratum  of  cartilage  are  in  contact,  and 
a  considerable  interspace  exists  between  their  marginal  parts  all 
around.  This  interspace  is  occupied  by  a  fringe-like  process  of 
synovial  membrane  and  fat,  hanging  from  the  capsule,  (PL  XXI. 
fig.  3,  G).  When  the  face  is  directed  to  one  side,  the  articular 
facets  of  the  atlas,  sliding  upon  those  of  the  axis,  project  (one  for- 
wards and  the  other  backwards)  beyond  them,  and  the  middle 
parts  of  the  former,  leaving  the  middle  higher  parts  of  the  latter, 
descend  gradually  towards  their  respective  anterior  and  posterior 
edges  which  are  situated  upon  a  lower  plane.  Hence,  when  the 
face  is  directed  to  one  side,  the  atlas  is  placed  at  a  somewhat 
lower  level  than  when  we  look  straight  forward;  the  diflerence 
consisting  in  the  difference  of  altitude  of  the  middle  of  the  articular 
facets  of  the  axis  above  their  anterior  and  posterior  marginal  por- 
tions. In  accordance  with  this,  if  the  anterior  tubercle  of  the  atlas 
be  observed,  when  the  rotatory  movement  of  this  bone  upon  the 
axis  is  made  to  take  place,  it  will  be  seen  to  describe  a  curve 
in  its  passage  from  one  side  to  the  other,  the  highest  point  of 
the  curve  being  attained  when  it  is  in  the  mid-position.  The  object 
of  this  arrangement  is  to  maintain  the  ligaments  that  connect  the 
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axis  with  the  occiput  always  in  a  state  of  tension,  so  as  to  ensure 
the  secui'ity  and  steadiness  of  these  parts,  which  is  most  important, 
mider  all  circumstances,  and  in  all  positions  of  the  head.  For 
instance,  when  the  face  is  directed  forwards,  the  atlas  resting  upon 
the  most  prominent  portions  of  the  axis,  and  the  occiput  being 
thereby  distanced  from  the  axis,  the  ligaments  connecting  these 
two  bones,  and  running  straight  from  one  to  the  other,  are  quite 
tense.  Dm-ing  rotation  to  either  side,  the  slight  increase  of  distance 
between  the  points  of  attachments  of  the  ligaments  that  would  be 
effected  by  the  shifting  of  the  bones  is  just  compensated  for  by  the 
approximation  of  one  bone  to  the  other,  in  consequence  of  the 
atlas  sliding  on  to  the  lower  parts  of  the  articular  surfaces  of  the 
axis ;  so  that  no  change  of  distance  really  takes  place  between 
the  points  of  attachment  of  the  ligaments,  and  the  latter  remain 
equally  tight  in  every  position.  Were  there  not  some  provision 
of  this  kind,  either  the  ligaments  could  not  be  always  quite  tight, 
or  the  rotatory  movement  could  not  take  place.  As  it  is,  both 
ends  are  accomplished^.  This  point  will  be  again  alluded  to 
presently,  and  will  be  understood  more  clearly  when  the  anatomy 
of  the  ligaments  of  the  central  joint  has  been  described. 
Capsular  ^^^^  Capsular  membranes  (PI.  XIX.  fig.  2,  N;  XX. 

ugament.  gg_  3^  j^£\^  q£  tliesc  lateral  joints  are  very  loose,  to  per- 
mit the  easy  sliding  of  one  surface  upon  the  other.  They  are  not 
strong,  and  have  little  to  do  in  holding  the  bones  together,  though 
they  may  have  some  influence  in  limiting  the  extent  of  rotation  of 
one  upon  the  other. 

The    Anterior    atlanto-axoidal  liqament  (PI.   XIX. 

Anterior  '^  ^ 

atlanto-axoidal  fig.  1,  /)  covcrs  the  iiitcrval  between  the  two  bones  in 
front,  passing  from  the  anterior  surface  of  one  bone  to 


^  T\  e  very  often  find  in  other  joints  that  the  obliquity  of  the  movements  and  the 
oblique  direction  of  the  ligaments  are  so  arranged  with  reference  to  one  another  that 
all,  or  nearly  all,  the  fibres  of  the  latter  maintain  their  tension  in  every  position ;  but 
in  a  joint  where  one  bone  rotates  upon  another  in  a  truly  horizontal  plane  this  would 
be  impossible.  The  fibi-es  of  such  a  joint,  which  are  tense  in  one  position,  must  be 
relaxed  if  any  movement  takes  place ;  and  it  is  to  avoid  the  loss  of  streng-bh  consequent 
on  such  relaxation  that  the  atlas  describes  the  slight  curve  above  mentioned  in  its 
rotation  upon  the  axis. 
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the  anterior  surface  of  tlie  other.  In  the  middle  it  forms  a  thick, 
prominent,  vertical  band.  On  either  side  the  fibres  are  more 
spread  out  and  descend  more  obliquely  from  the  atlas  outwards  to 
the  axis.  The  middle  portion  is  tense  in  every  position  of  the 
bones.  The  lateral  bands  limit  the  rotation  of  the  one  bone  upon 
the  other,  and  are  tense  only  when  that  movement  is  carried  to 
its  greatest  extent. 

The  central  "^^^^  Central  portion  of  the  atlanto-axoidal  articula- 

joiut  tion  consists  of  the  odontoid  pivot,  with  the  fore  part  of 

the  atlas  and  the  transverse  ligament  playing  like  a  collar  round  it. 
The  pivot  is  very  strong ;  and  its  neck  is  strengthened  by  a  ridge 
descending  from  its  anterior  articular  facet  upon  the  fore  part  of 
the  body  of  the  axis,  and  by  another  ridge  descending,  on  either 
side,  towards  the  anterior  part  of  the  transverse  process.  In  front, 
it  is  in  contact  with  the  arch  of  the  atlas,  which  forms  the  fore 
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Pig.  I.  Vertical  section  from  before  backwards^  in  middle  line,  through  occiput 
and  upper  three  cervical  vertebrae.  A,  basilar  portion  of  occipital  bone.  B,  anterior 
arch  of  atlas  lying  upon  the  odontoid  process  of  the  axis.  C,  anterior  occipito-atlantal 
ligament.  D,  anterior  atlanto-axoidal  ligament,  E,  posterior  vertebral  ligament.  F, 
cervico-basilar ;  0,  transverse,  and  H,  H,  vertical  portions  of  crucial  ligament.  The 
fat  which  occupied  the  interval  between  the  summit  of  the  odontoid  process  and  the 
occipital  bone  has  been  removed. 

Fig.  1.  Similar  section  through  the  basilar  portion  of  occipital  bone  and  the  odon- 
toid process,  showing  the  same  transverse  and  vertical  parts  of  the  crucial  ligament 
more  clearly,  in  consequence  of  the  posterior  vertebral  and  cervico-basilar  ligaments 
having  been  removed.  The  transverse  ligament  is  on  a  lower  level  than  the  arch  of 
the  atlas.     The  letters  refer  to  the  same  parts  as  in  preceding. 

Fig.  3.  Posterior  view  of  joints  between  occiput  and  first  two  vertebrae.  A,  the 
cut  edge  of  basilar  portion  of  occipital  bone.  The  hinder  part  of  the  occipital  bone 
and  the  arches  of  the  vertebras  have  been  removed  by  a  vertical  section  made  from  side 
to  side  through  the  lateral  joints,  so  as  to  show  the  shape  of  the  articulating  surfaces 
of  {B)  the  occipital  condyle,  (C)  the  atlas,  and  {D)  the  dentata.  E,  the  transverse 
process  and  arch  of  the  third  cervical  vertebra.  The  section  continued  vertically  down- 
wards has  passed  in  front  of  the  articulating  processes  of  the  third  vertebra.  The 
posterior  vertebral  ligament  has  been  removed,  with  the  exception  of  the  portion  {F) 
which  has  been  reflected ;  the  cervico-basilar  hgament  {G)  has  also  been  divided  and 
reflected  from  {H),  its  point  of  attachment  to  the  second  vertebra,  for  the  purpose  of 
displaying  the  crucial  ligament  (/)  beneath  it.  K,  the  left  odontoid  ligament.  L,  cap- 
sular hgament  of  occipito-atlantal  joint.     M,  ditto  of  atlanto-axoidal  joint. 
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part  of  the  encircling  collar ;  and  there  are  mutually  adapted  small 
articular  facets  on  the  opposed  surfaces  of  the  bones.  Behind,  it 
presents  also  an  articular  facet  adapted  to  the  hinder  part  of  the 
collar,  which  is  formed  by  the  strong  transverse  ligament.  The 
joint  with  the  arcli  of  the  atlas  is  on  a  higher  level  than  that  with 
the  transverse  ligament  (PI.  VII.  fig.  6,  page  129 ;  and  PL  XX. 
figs.  1  and  2). 

The  disposition  of  the  Transverse  liqament  and  of  the 

Posterior  -"-  _  _ 

vertebral  otlicr  ligaments  on  the  back  of  the  odontoid  process  is  as 

follows.  If  the  vertebral  canal  and  the  cranium  be  laid 
open  from  behind,  and  the  nervous  centres  be  removed,  the  smooth 
shining  sm-face  of  the  dura  mater  passing  from  the  spine  to  the  skull 
is  exposed.  It  is  here  not  very  thick ;  and,  if  it  be  dissected  off, 
the  Posterior  vertebral  ligament  is  seen  ascending  from  the  posterior 
sm-face  of  the  bodies  of  the  vertebree,  over  the  odontoid  process, 
to  the  interior  of  the  base  of  the  skull,  where  it  acquires  attachment 
to  the  various  projecting  bony  points  that  surround  the  bodies  of 
the  occipital  and  sphenoid  bones.  It  reaches  as  far  as  the  posterior 
clinoid  processes  and  the  hinder  edges  of  the  petrous  portions  of 
the  temporal  bones.  It  has  also  a  connection  with  the  bodies  of  the 
third  and  fom-th  vertebrse;  but,  between  them  and  the  points  of 
bone  just  mentioned  at  the  base  of  the  skull,  it  lies  upon  another 
sti'atum  of  ligament  resembling  itself,  yet  distinct  from  it. 
cervico-basUar  This,  wliicli  may  be  called  the  Cervico-hasilar  liga- 

Uganient.  ^^g,,^^  {J>\^  XX.  fig.  3,  G  and  jET),  is  a  very  thick,  strong 

structm'e,  connected  below  with  the  lower  edge  of  the  body  of  the 
axis,  and  with  the  upper  part  of  the  body  of  the  third  cervical 
vertebra.  It  is  narrow  at  first,  gradually  spreads  out  as  it  passes 
over  the  odontoid  process,  and  is  attached  to  the  base  of  the  skull 
beneath  the  posterior  vertebral  ligament  and  in  a  somewhat  nar- 
rower circle.  It  must  be  reflected  to  expose  the  third  and  deepest 
layer  of  ligaments,  which  is  also  very  strong  and  has  been  named 
LigamentUTii  cruciatum. 

Ligamentmn  ^^  ™^7  ^^^7  ^^^^  ^®  ^0  designated,  for  it  is  of  cruci- 

cruciatmn.  {qj-jj^  sliape.  Its  strouger  portion,  which  is  transverse, 
and  called  the  Transverse  ligament  (PL  XXI.  fig.  1,  D),  extends  from 
one  side  of  the  anterior  arch  of  the  atlas,  close  to  the  inner  edge 
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of  the  articular  surface  for  the  occipital  condyles,  behind  the  odon- 
toid process,  to  the  corresponding  point  on  the  opposite  side.  It  is 
a  quarter  of  an  inch  in  depth,  is  very  thick  and  strong,  and  its 
anterior  surface  plays  upon  the  smooth  posterior  surface  of  the  odon- 
toid process,  from  which  it  is  separated  by  a  synovial  sac.  From 
its  office  of  holding  the  odontoid  process  in  place  and  of  protecting 
the  medulla  oblongata  from  the  pressure  of  that  process,  it  may  be 
regarded  as  the  most  important  ligament  in  the  body^.   The  vertical 


^  A  ligament  corresponding  to  this  transverse  ligament  has  been  described  by 
Professor  Mayer,  of  Bonn,  Miiller's  Archiv,  1834,  to  exist  in  the  dorsal  part  of  the 
column  of  cats  and  some  other  animals.  It  extends,  between  the  ribs,  transversely 
across,  behind  the  intervertebral  substance.  He  designates  it  Ligamentiim,  costanim 
conjugale.  In  man  it  is  reduced  to  fibres  passing  from  the  angle  between  the  articular 
facets  on  the  head  of  the  rib  to  the  intervertebral  substance. 

Gruber,  Miiller's  ^rc/wV,  185 1,  describes  an  "appendix"  passing  from  the  deepest 
stratum  of  the  transverse  ligament  upwards  and  forwards  to  the  summit  of  the  odon- 
toid process.  He  gives  also  an  elaborate  account  of  the  synovial  sacs  and  bursae 
connected  with  the  articulation  of  the  atlas  with  the  odontoid  process. 
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Fig.  I.  Horizontal  section  through  occipito-atlantal  and  atlanto-axoidal  joints. 
A,  A,  A,  cut  surface  of  anterior  tubercle  and  arch  of  atlas.  B,  B,  transverse  processes 
of  ditto.  C,  cut  surface  of  odontoid  process,  just  below  its  summit.  The  saw  has 
passed  through  the  joint  between  the  process  and  the  fore  part  of  the  ring  of  the  atlas, 
but  above  the  joint  between  the  process  and  the  transverse  ligament  {D),  which  is  on 
a  lower  level.  E,  cut  edge  of  occipital  bone.  F,  foramen  magnum.  G,  cut  surface  of 
occipital  condyles.     H,  odontoid  ligament. 

Fig.  2.  Similar  section  at  a  lower  level.  The  saw  has  passed  just  beneath  the 
anterior  part  of  the  ring  of  the  atlas  and  through  the  transverse  ligament  (Z)).  The 
atlas  {A,  A,  B,  B)  is  pressed  a  little  backwards,  so  as  to  expose  the  articulating  surfaces 
of  the  axis  (/,  /)  and  show  the  synovial  cavity  between  the  transverse  ligament  and 
the  odontoid  process.  The  occiput  has  been  quite  removed.  K,  the  divided  middle 
portion  of  the  anterior  atlanto-axoidal  ligament.     L,  spine  of  atlas. 

Fig.  3.  Vertical  section,  from  before  backwards  through  the  occipito-atlantal  and 
the  atlanto-axoidal  joints  of  right  side,  showing  the  shape  of  the  articular  surfaces. 
A,  basilar,  B,  condyloid,  and  C,  post-condyloid  parts  of  occipital  bone.  D,  atlas.  E, 
axis.  F,  part  of  anterior  occipito-atlantal  ligament.  G,  anterior  atlanto-axoidal  liga- 
ment, with  triangular  fatty  synovial  appendage  projecting  into  the  interval  between 
the  articular  surfaces.  H,  third  vertebra.  /,  the  arch  formed  by  the  lateral  portion 
of  the  axis  over  the  intervetebral  foramen  (p.  317).  K,  the  body  of  axis.  L,  inferior 
articuhiting  facet  resting  upon  superior  articulating  facet  of  third  vertebra. 


Tlate,  XXI. 
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odonto-basiiar  P^^**  (^^-  ^^-  ^g- 1' ^)  ^^  ^^^  ligamentiim  cruciatum— 
lisameut.  the  Oclonto-hasilar  ligament  as  it  may  be  called — is  situ- 

ated posterior  to,  though  in  close  connection  with,  the  transverse 
ligament,  and  derives  some  fibres  from  it.  It  consists  chiefly  of 
fibres  running  in  parallel  bundles  from  the  hinder  surface  of  the 
body  of  the  axis,  just  below  the  root  of  the  odontoid  process,  to 
the  upper  edge  of  the  basilar  process  of  the  occipital  bone,  which 
forms  the  margin  of  the  foramen  magnum.  It  is  the  third  and 
deepest  of  the  three  ligamentous  strata  which  pass  respectively 
from  the  4th,  the  3rd,  and  the  2nd  cervical  vertebra,  over  the 
odontoid  process,  to  the  base  of  the  skull,  and  which  assist  to  hold 
that  process  in  its  place,  and  to  prevent  the  head  from  falling 
forwards  upon  the  spine.  These  three  ligaments  check  the  nod- 
ding movement  of  the  head  forwards ;  forasmuch  as  they  are  ren- 
dered tense  by  that  movement  before  the  "posterior  occipito-atlan- 
tal  ligament"  is  put  upon  the  stretch,  and  they  are  far  stronger 
than  it. 

jSTow,  forasmuch  as  all  these  ligaments,  and  particularly  the 
odonto-basiiar,  run  in  nearly  parallel  lines  from  their  respective  cer- 
vical vertebrfB  to  the  occiput,  it  is  clear  that  their  complete  tension 
in  any  one  position  of  the  joint  would  be  incompatible  with  rotation 
of  the  atlas  upon  the  axis  into  any  other  position,  if  that  rotation 
took  place  in  a  truly  horizontal  plane.  It  is  to  meet  this  difficulty 
by  giving  a  slightly  curvilinear  movement  to  the  atlas  upon  the 
axis,  that  the  peculiar  construction  of  tlie  facets  of  the  "  lateral 
occipito-atlantal  joints"  described  in  page  310  is  provided. 
Odontoid  u^a-  ^hc  Oclontoid  ligaments  (PL  XXI.  fig.  1,  H)  are  of 

ments.  gTcat   Strength.     They   extend   from    the   sides  of  the 

apex  of  the  odontoid  process,  transversely  outwards,  to  the  rough 
inner  edges  of  the  anterior  halves  of  the  occipital  condyles.  They 
lie  immediately  above  the  sides  of  the  "  transverse  ligament," 
crossing  them  obliquely,  and  coming  into  contact  with  the  "  odonto- 
basiiar  ligament."  They  limit  the  rotatory  movements  of  the  head 
and  atlas  upon  the  axis ;  and,  binding  the  occiput  firmly  to  the 
odontoid  process,  they  contribute  very  much  to  steady  the  head 
and  prevent  its  lateral  inclination  upon  the  spine.  Such  a  check 
is  required  to  be  of  considerable  strength,  in  consequence  of  the 
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great  transverse  diameter  of  the  head ;  and  there  is  no  other  liga- 
ment performing  that  office  at  all  to  he  compared  in  efficiency  with 
these  odontoid  ligaments.  Some  of  the  fibres  of  the  odontoid  liga- 
ments, meeting  together  in  the  middle  line,  and  passing  from  the 
summit  of  the  odontoid  process  to  the  basilar  part  of  the  occiput, 
have  been  called  the  Suspensory  ligament.  They  are  few  in  num- 
ber, and  do  not  deserve  a  separate  name. 

Covered  by  what  I  have  named  the  "  cervico-basilar  ligament" 
there  are  interspaces  between  the  several  structures — in  front,  and 
either  side,  of  the  "  odonto-basilar"  ligament,  about  the  odontoid 
ligaments,  and  between  the  odontoid  process  and  the  occipital 
bone — ;  these  are  filled  with  fine  soft  fat,  offering  little  or  no  impe- 
diment to  the  movement  of  the  several  parts  on  each  other. 

It  has  been  found  by  experiments  made  by  Weber 

Balancing  of  ./  x  >/ 

head  upon  con-  and  othcrs,  and  rejDeated  by  myself,  that  the  head 
balances  upon  the  occipital  condyles  a  little  in  front  of 
their  middle,  when  placed  in  such  a  position  that  the  eyes  are 
directed  slightly  upwards.  The  exact  amount  of  elevation  required 
must  differ  in  different  cases.  So  near  an  approach  to  a  balance 
upon  the  condyles  in  this  position  is  quite  peculiar  to  man,  is 
associated  with  his  erect  form,  and  is  a  great  relief  to  the  mus- 
cles of  the  back  of  the  neck,  upon  which  the  weight  of  the  head 
is  dependent  in  the  lower  animals.  In  them  the  weight  is  so 
adjusted  as  to  render  an  elastic  "  ligamentum  nuchse"  and  great 
prominence  of  the  dorsal  spines  necessary.  In  man,  the  latter 
are  much  suppressed,  and  the  former  structure  is  quite  absent, 
being  replaced  by  an  intermuscular  septum  or  fascia,  which  may 
contribute  to  prevent  the  head  falling  too  far  forwards  upon  the 
spine,  but  which  can  have  little  or  no  influence  in  maintaining 
it  in  its  usual  position.  Under  ordinary  circumstances,  when  the 
eyes  are  directed  straight  forward,  or,  which  is  still  more  com- 
mon, when  they  are  inclined  a  little  downwards,  the  head  is 
indebted  for  the  maintenance  of  its  position  to  the  muscles  of 
the  back  of  the  neck.  Hence,  when  those  muscles  cease  to  act 
as  during  sleep,  or  from  other  cause,  the  head  falls  forward 
upon  the  chest;  unless,  indeed,  the  face  happen  to  have  been  so 
much  raised  that  the  line  of  gravity  of  the  head  is  in  a  plane 
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Ibeliind  that  of  tlie  condyles^.  Again,  when  the  muscles  have  be- 
come weakened  by  a  blow,  by  rheumatism,  or  by  age,  so  that  they 
cease  to  give  efficient  support  to  tlie  head,  the  chin  gradually  pokes 
downward  and  forward,  the  stretched  muscles  give  less  and  less 
assistance,  and  a  good  deal  of  pain  is  caused  by  the  weight  of  the 
head  dragging  upon  the  ligaments  of  the  neck,  unless  mechanical 
assistance  be  given.  I  have  found  very  great  relief  afforded  in 
such  cases  by  a  light  metal  collar  supporting  the  chin  and  rest- 
ing npon  the  chest. 

The  weight  of  the  head,  transmitted  through  the  condyles  and 
the  articular  parts  of  the  atlas,  falls  upon  the  axis  on  either  side  of 
the  odontoid  process,  so  that  the  line  of  gravity  may  be  said  to  run 
through  that  process.  The  siiperior  articular  facet  of  the  axis, 
on  either  side,  forms  a  bridge  over  the  second  intervertebral  fora- 
men, resting  with  one,  the  larger,  pillar,  upon  the  body  of  the 
axis,  and  with  the  other,  the  smaller,  pillar,  upon  the  inferior 
articular  facet  of  the  same,  which  is  in  a  plane  behind  the  upper 
one  (PI.  XXI.  fig.  3,  J,  K,  L).  The  weight  is,  therefore,  trans- 
mitted, through  the  superior  articular  facet  of  the  axis,  in  great 
measure,  to  the  bodies,  and,  in  a  lesser  degree,  to  the  articular  por- 
tions of  the  subjacent  vertebra ;  and  it  is  borne  chiefly  by  the 
bodies  and  partly  by  the  articular  processes  all  down  the  spine, 
combmation  of  When  wc  cousider  the  great  weight  and  size  of  the 
strength  with     head,  tlic  Weight  being  in  greater  proportion  to  the  size 

freedom  of 

movement.  than  that  of  any  other  part  of  the  body  at  all  approach- 
ing it  in  magnitude,  we  cannot  fail  to  be  struck  with  the  admirable 
manner  in  which  it  is  borne  upon  its  narrow  cervical  stem :  so 
continuously — commonly  all  the  day  long — ^yet  without  fatigue: 
so  steadily  and  securely,  that  it  is  a  favourite  part  upon  which  to 
cany  burdens,  yet  capable  of  such  varied  and  rapidly  executed 
movements.    This  is  attained,  in  great  measure,  by  its  being  placed 


1  It  may  be  observed,  accordiBgly,  that  when  a  person  nods  in  sleep,  into  which  he 
has  fallen  in  the  sitting  posture,  the  movement  takes  place  forwards  or  backwards 
according  to  the  degree  of  inclination  of  the  head.  If  the  3yes  be  directed  straight 
forwards,  or  a  little  downwards,  the  nodding  is  forwards ;  if  they  be  directed  more 
upwards,  the  nodding  is  backwards. 
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immediately  over  the  spine  and  the  lower  extremities ;  and,  in 
part  also  by  the  manner  in  which  it  is  connected  with  the  spine 
by  two  pairs  of  joints,  disposed  symmetrically  on  either  side  of 
the  middle  line,  with  a  pivot-joint  between  them.  Had  all  the 
movements  between  the  head  and  the  spine  taken  place  at  one 
joint,  there  must  have  been  great  loss  of  strength ;  for  none  other 
than  a  ball-and-socket  joint  would  have  sufficed  to  permit  the  to- 
and-fro,  and  the  rotatory  movements  upon  vertical  and  oblique  axes, 
and  the  lateral  inclination ;  and  a  ball-and-socket  joint  would 
scarcely  have  been  compatible  with  steadiness  and  strength.  It  is 
by  the  combination  of  several  joints  that  freedom  of  movement  is 
attained  without  sacrifice  of  strength ;  while  a  sufficiently  wide 
basis  of  support  is  afforded  by  their  being  arranged  in  pairs,  at  a 
little  distance  from  each  other,  on  either  side  of  the  middle  line. 
It  must  be  fmiher  borne  in  mind  that  each  of  the  several  move- 
ments of  the  head  acquires  a  greater  range  from  the  mobility  of  the 
cervical  portion  of  the  sjDinal  column.  The  lateral  inclination  of 
the  head  towards  either  shoulder  takes  place  chiefly  in  the  neck ; 
and  the  to-and-fro  movement  is  at  least  doubled  by  the  bending  for- 
wards and  backwards  permitted  in  the  same  part.  The  additional 
rotation  that  is  derived  from  the  neck  is  not  so  great  in  proportion. 

These  ioints  "^^^  strength  of  the  joints  between  the  axis  and  atlas,  and 

rarely  dislocated.  I^etween  the  latter  and  the  occiput,  is  further  evidenced  by 
the  displacement  of  the  bones  being  so  rare  an  event.  I  am  not  aware 
that  there  is  any  case  on  record  of  the  dislocation  of  the  occiput  from 
the  atlas;  and  the  only  way  in  which  the  atlas  has  been  dislocated  from 
the  axis  has  been  by  a  sudden  jerk  of  the  head,  such  as  is  given  in  hang- 
ing by  the  executioner  seizing  the  legs  of  the  culprit,  or  in  snatching 
up  a  child  by  the  head\     More  commonly  the  odontoid  process  gives 


1  The  displacements  which  take  place  slowly  as  the  result  of  disease  in  these  joints 
are  liable  to  be  mistaken  for  dislocations  from  accident.  Thus  there  is  preserved  in  the 
museum  at  Bonn  a  specimen  of  supposed  dislocation  of  the  atlas.  The  bone  is  pro- 
jected forwards  both  from  the  occiput  and  the  axis,  and  is  quite  ankylosed  to  the 
former.  The  processus  dentatus  projects  into  the  foramen  magnum.  It  is  from  a 
woman  who  fell  upon  her  head  three  years  befoi'e.  A  careful  examination  of  the 
specimen  convinced  me  that  the  displacement  and  surrounding  bony  deposit  are  the 
result,  not  of  sudden  dislocation,  but  of  disease  excited  by  the  accident  and  continued 
subsequent  to  it. 
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"way.  Even  then  (so  firmly  are  the  bones  held  together  by  the  liga- 
ments) the  displacement  may  not  be  sufficient  to  produce  immediately 
fatal  compression  of  the  cord;  and  the  patient  often  lives  several  days. 
In  one  case  of  fracture  of  the  atlas  that  occurred  in  the  practice  of  Mr 
Clive,  the  boy,  set.  3,  lived  a  twelvemonth  after  the  injury,  being  obliged 
to  walk  carefully,  and  often  to  support  his  head  with  his  hands  \  In  a 
case  of  transverse  fracture  of  the  atlas  with  fracture  of  the  odontoid 
process  related  by  Mr  B.  Phillips^,  the  man  was  able  to  walk  about  and 
complained  only  of  stiff  neck.  Moreover  nearly  the  whole  fore  part  of 
the  ring  of  the  atlas,  including  the  entire  facet  for  the  articulation  of 
the  odontoid  process,  has  been  known  to  exfoliate  and  pass  through 
an  Tilcer  of  the  pharynx  without  bad  result^. 

It  is  no   uncommon  thing  to  meet  with  specimens  of 

Displacements 

from  disease  in  ankylosis  of  these  joints;  and  some  of  them  are  attended  with 
^^^  ^'    ®'  such  great  displacement  of  the  bones  that  it  is  wonderful  the 

cord  should  have  escaped  pressure*.  In  all  that  I  have  seen  it  has  been 
probable  that  the  change  was  the  result  of  disease  taking  place  in  early 
life;  and  I  have  met  with  several  instances  in  children  in  which  there 
was  clear  evidence  of  the  progress  of  destructive  disease  here,  though  I 
have  not  known  it  to  occur  in  grown-up  persons.  A  peculiar  and  most 
annoying  snapping  is  occasionally  experienced  in  these  joints;  it  is  some- 
times loud  enough  to  be  heard  at  considerable  distance,  and,  being  the 
result  of  involuntary  movements,  it  may  be  the  source  of  great  dis- 
comfort and  loss  of  rest.  It  is  probably  of  a  rheumatic  or  gouty 
nature. 


^  Cooper's  Dislocations  and  Fractures,  8vo,  1842. 
^  Medico- Chirv.rgical  Transactions,  Vol.  xx. 

^  Case  by  Mr  Wade  in  Medico-Chirurgical  Transactions,  Vol.  xxxii. 
*  Sandifort,  Exercitationes  Academicce,   1783,  Tables  I.  II.  III.,  and  1785,  Tables 
IV.  and  V. 


THE  THORAX. 


General  con-  '^^^  tliorax,   Or  middle  part  of  the  skeleton,  is  a 

straction  and     boiiy  case  affording  support  and  protection  to  the  great 

peculiarities  „  .   .  . 

indifferent  orgaiis  of  niitritioii ;  that  is  to  say,  to  the  organs  of 
digestion,  of  respiration,  and  of  circulation.  It  is  con- 
structed on  a  uniform  plan  throughout  the  vertebrate  kingdom, 
being  formed  by  the  spinal  column  behind,  by  the  ribs  on  either 
side,  and  by  the  sternum  in  front.  All  tliese  parts,  however,  are 
not  invariably  present ;  thus  in  the  Frog  there  is  a  sternum  which 
serves  to  carry  the  upper  extremities,  but  there  are  no  ribs,  or  only 
rudimentary  ones ;  in  Snakes  there  is  no  sternum,  but  numerous 
ribs,  which  supply  in  part  the  place  of  limbs,  inasmuch  as  they 
assist  in  progression.  The  length  of  the  thorax  and  the  number  of 
pieces  of  which  it  is  composed  vary  very  greatly  in  different  ani- 
mals. In  Mammals  the  cavity  is  divided  into  two  parts  by  the 
diaphragm  stretching  across ;  of  these  the  upper,  or  thorax  proper, 
contains  the  heart  and  lungs ;  and  the  lower,  or  abdomen,  covers, 
more  or  less  completely,  the  stomach,  liver,  spleen,  kidneys,  and 
alimentary  canal.  In  all  the  lower  orders  of  mammals  the  antero- 
posterior diameter  of  the  upper  division  of  the  thorax  exceeds  the 
transverse.  In  Quadrumana  the  transverse  diameter  equals  or 
exceeds  the  antero-posterior ;  but  not  to  so  great  a  degree  as  in 
Man.  In  him  the  thorax  is,  in  an  especial  manner,  spread  out 
laterally ;  and  it  is  also  pressed  backwards  for  the  purpose  of  assist- 
ing to  balance  the  body  in  the  erect  posture.  In  many  animals  the 
bony  part  of  the  thorax  reaches  almost  to  the  pelvis ;  but  in  man 
it  is  shortened,  for  the  purpose  of  permitting  a  free  range  to  the 
flexion  and  extension  of  the  trunk ;  and,  for  the  same  purpose, 
the  lowermost  ribs  are  of  small  size,  are  very  moveable,  and  are 
fixed  only  by  one  end ;  and  the  ribs  immediately  above  these  are 
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slanted  upwards  towards  the  median  line,  and  are  attached  to  the 
sternum  by  long  flexible  cartilages. 


THE  STERNUM.     (Plates  XXII.  and  XXIII.) 

sternum  is  "^^^^  liumau  sterniim,  in  conformity  with  the  shape 

bvoad  in  man.  q£  |.|-^g  clicst,  is  broad  in  proportion  to  its  length  as  com- 
pared with  the  sternum  of  most  of  the  lower  animals.  It  is  not 
projected  forAvards  into  a  keel-shaped  ridge,  as  in  birds  and  some 
mammals ;  neither  does  it  run  far  upwards  above  the  level  of  the 
ribs  for  the  purpose  of  supporting  the  clavicles.  On  the  contrary, 
it  is  spread  out  laterally,  and  is  flat  on  its  anterior  and  posterior 
aspects.  This  is  particularly  marked  in  the  Manubrium,  which  is 
very  broad  and  strong,  with  small  superficial  facets,  not  on  its  side 
but  on  its  upper  edge,  for  the  clavicles ;  and  its  upper  margin, 
which  is  directed  a  little  backwards,  towards  the  spine,  is  scooped 
out,  or  notched,  in  the  middle,  for  the  purpose  of  giving  a  slight  in- 
crease to  the  antero-posterior  diameter  of  the  upper  opening  of  the 
thorax,  and  of  preventing  pressm-e  upon  the  trachea.  This  notch  is 
scarcely  perceptible  at  birth.  The  average  length  of  the  sternum, 
in  the  adult,  is  six  inches ;  the  longest  of  several  that  I  measm-ed  was 
seven  inches,  the  shortest  was  five  inches.  It  is  rather  longer  in  the 
male  than  in  the  female.  Its  width  varies  in  diflerent  parts ;  it  is 
greatest  between  the  cartilages  of  the  1st  ribs,  and  least  between 
those  of  the  2nd  ribs,  or  in  the  interval  between  the  cartilages  of 
the  2nd  and  3rd  ribs.  In  the  latter  situation  it  is  accordingly  most 
liable  to  be  broken,  either  by  a  blow  or  by  heavy  pressure,  or,  which 
now  and  then  happens,  by  the  sudden  violent  contraction  of  the 
recti  and  other  muscles  attached  to  its  lower  end.  Thus  a  woman 
who  fell  on  her  back  on  the  pavement  was  found  to  have  broken 
her  sternum,  and  a  man  raising  himself  suddenly  in  bed  in  a  fright 
met  with  the  same  accident  ^  When  it  is  broken,  the  inferior  por- 
tion may  be  driven  either  in  front  or  behind  the  superior. 


1  Two  case.s  of  fracture  of  the  sternum,  occuiTing  during  the  expulsive  efforts  in 
labour,  are  quoted  from  the  Bulletino  delle  Scienze  Mediche  di  Bologna  in  the  Dublin 
Qv.arterly  Journal  of  Medical  Science,  xxiv.  477. 
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The  liability  to  fracture  is  much  lessened  during  the 
manubrium  early  pcriods  of  life  by  the  sternum  being  composed  of 
ocy.  ^^^^  portions,  the  point  of  junction  of  which  is  at  the 
narrowest  part  of  the  bone.  The  mode  of  union  of  the  manubrium 
and  body  of  the  sternum  are  shewn  in  PI.  XXII.  fig.  2,  drawn  from 
the  longitudinal  section  of  a  recent  specimen.  The  interval  be- 
tween the  two  is  there  seen  to  be  wider  at  the  hinder  part,  where 
the  bones  are  joined  by  short  strong  bundles  of  fibrous  tissue,  pass- 
ing direct  from  one  to  the  other,  than  in  front,  where  the  uniting 
medium  is  cartilage  or  fibro-cartilage.  The  fibrous  element  at  the 
hinder  part  of  the  Sympliysis  is  so  tight  and  strong  that  it  causes 
the  two  bones  to  form  a  slight  angle  or  arch  in  front.  If  firm 
pressure  be  made  on  the  anterior  surface  the  arch  is  lowered  a  little 
by  the  compression  of  the  anterior  cartilaginous  element  of  the 
symphysis,  which  immediately  recoils  and  restores  the  bones  to 
their  natural  position  when  the  pressure  is  withdrawn.  This  arch 
of  the  sternum,  which  is  increased  by  the  slightly  curved  shape  of 
each  of  its  two  segments,  and  which  contributes  materially  to  the 
elasticity  of  the  bone  and  to  its  power  of  resisting  external  pressure, 
is  strengthened  by  longitudinal  bands  of  fibrous  tissue  placed  upon 
its  hinder  surface ;  these  form  a  thick  sheet  of  membrane  under- 
lying and  supporting  the  periosteum  ^ 

„^    ,      ,  The  sternum  is  a  light  bone,  composed  of  fine  can- 

structure,  &C.  O  '  i 

of  the  bone.  ccllatcd  tcxturc  covcred  by  a  tliin  layer  of  compact 
structure ;  the  latter  is  thickest  and  strongest  in  the  manubrium,  at 
the  part  lying  between  the  clavicles.  The  posterior  concave  surface 
is  smooth ;  and  the  bony  fibres  have  there  rather  a  longitudinal 
direction,  converging  towards  the  symphysis,  so  as  to  constitute  a 
faint  groining  underneath  the  arch. 


1  We  occasionally  find  the  arch  of  the  sternum  increased  in  a  very  marked  manner, 
so  as  to  form  quite  a  hump,  the  prominent  point  of  which  is  usually,  below  the  sym- 
physis, between  the  third  costal  cartilages.  Probably  this  preternatural  curvature 
has  been  caused,  in  some  of  these  instances,  by  pressure  upon  the  lower  part  of  the 
bone  in  certain  avocations;  though  such  explanation  cannot  always  be  found.  In 
twenty-two  instances  of  the  deformity  examined  by  M.  Woillez,  three  occurred  in 
shoemakers,  and  in  only  two  of  the  remaining  nineteen  was  the  bone  subjected  to  any 
particular  pressure. 
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Facets  for  the  ^^^'^  boiie  prcsents,  on  each  side,  seven  depressions 

nbs.  £qj^.  ^YiQ  articulation  of  the  cartilages  of  the  seven  true 

ribs^  The  upper  of  these  depressions  is  larger  and  longer  than 
the  others,  is  narrow  at  its  lower  part,  broader  above,  with  a  wide 
overhanging  upper  edge,  which  is  more  marked  in  front  than  be- 
hind. This  serves  to  prevent  the  displacement  of  the  cartilage  of 
the  first  rib  when  it  is  drawn  upwards  and  forwards  by  the  action 
of  the  scaleni  muscles  in  inspiration,  and  enables  it  more  readily  to 
carry  the  sternum  with  it  in  that  movement.  It  also  supports  the 
sternum  against  pressure  or  blows  on  its  front.  The  next  three 
depressions  for  the  costal  cartilages  are  situate  at  a  considerable 
distance  fi'om  the  first  and  from  one  another.  They  are  angular 
notches  in  the  edge  of  the  sternum ;  and  it  may  often  be  seen  that 
the  sides  of  each  are  covered  with  cartilage,  while  the  angle  at  the 
deepest  part  of  the  notch  is  rough  for  the  attachment  of  the  "  mid- 
dle sterno-costal  ligament."  The  angle  at  the  bottom  of  the  notch 
for  the  second  cartilage  is  formed  by  the  symphysis  between  the 
manubrium  and  the  body  of  the  sternum ;  the  superior  side  of  the 
notch  being  formed  by  the  manubrium,  and  the  inferior  by  the 
body.  In  like  manner,  in  the  regularly  formed  bone,  each  costal 
cartilage  impinges  upon  the  sternum,  on  the  line  of  junction  of  two 
of  its  primitive  component  portions.  This  is  well  seen  in  most  of 
the  lower  animals,  where  the  several  portions  of  the  bone  remain 
separate  much  longer  than  in  man.  In  each  instance  the  upper 
side  of  the  notch  is  larger  and  more  overhanging  than  the  lower, 
and  'the  anterior  edge  is  more  prominent  than  the  posterior,  for  the 
purpose  of  resisting  the  pressure  of  the  cartilage,  which  is  made  in 
an  upward  and  forward  direction  when  the  rib  is  raised  in  inspi- 
ration. These  two  particulars,  viz.  the  union  of  each  costal  carti- 
lage, except  the  first,  with  two  sternal  bones,  and  the  greater  promi- 
nence of  the  articular  facet  upon  the  upper  of  each  of  these  two 
bones,  constitute  striking  points  of  similarity  between  the  mode  of 
connection  of  the  ribs  with  the  sternum,  and  their  mode  of  con- 
nection with  the  several  bodies  of  the  dorsal  vertebra.     The  lower 


^  In  a  specimen  in  the  Cambridge  Museum  which  measm'es  seven  inches,  thei'e 
are  eight  cartilages  of  ribs  separately  united  to  the  sternum. 
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three  depressions  for  the  costal  cartilages  are  placed  close  together, 
and  surround  the  inferior  end  of  the  sternum,  which  is  widened  for 
the  purpose  of  affording  greater  space  to  them.  They  are  shallower 
than  the  upper  three ;  and  their  upper  and  anterior  edges  are  less 
prominent,  because  the  line  of  pressure  of  these  cartilages  during 
inspiration  more  nearly  corresponds  with  that  of  the  plane  of  the 
bone.  They  do  not,  moreover,  show  any  appearance  of  division 
into  two  parts.  The  one  or  two  lowermost  are  situated  in  front  of 
the  attachment  of  the  ensiform  cartilage. 

Often  perforated  '^l^®  broad  lowcr  part  of  the  sternum  is  often  perfo- 
at  lower  part,  ^.^ted  by  a  rouud  hole,  large  enough  to  admit  a  goose- 
quill.  It  is  a  variety  resulting  from  the  mode  of  development  of 
the  bone,  but  does  not  serve  any  particular  purpose  beyond  that  of 
lightening  it  a  little. 

Ensiform  car-  '^^^®   Ensifovm  OX  ZypJioid  Cartilage  is  rather  more 

tiiage.  than  an  inch   long,   with  its  point  downwards.     It  is 

curved  a  little,  so  that  the  point  is  directed  forwards  as  well  as 
downwards.  Its  shape  varies ;  though,  in  most  instances,  it  termi- 
nates in  a  point,  it  has,  in  some,  a  broad  square  extremity ;  in  some 
it  is  bifid ;  and,  occasionally,  like  the  sternum,  it  is  perforated  by 
a  hole  (PI.  XXIII.  fig.  1,  F)  which  may  transmit  communicating 
branches  between  the  internal  mammary  and  the  epigastric  arteries. 
It  is  joined  to  the  lower  extremity  of  the  sternum,  behind  the 
7th  costal  cartilages,  and  is  united  by  fibrous  tissue  to  the  hinder 
sm'face  of  the  latter.  The  fibres  of  the  recti  muscles,  arising  from 
its  fore  part,  in  the  interval  between  the  converging  costal  carti- 
lages, fill  up  that  interval  and  conceal  the  ensiform  cartilage,  so 
that  it  is  not  easily  felt  during  life.  The  ensiform  cartilage  con- 
tributes to  the  covering  and  protection  of  the  abdominal  organs  at 
a  very  tender  part,  and  afibrds  an  increased  surface  for  the  attach- 
ment of  muscles,  particularly  of  the  triangularis  sterni.  A  broad 
thick  fasciculus  of  this  muscle,  arising  from  the  hinder  surface  of 
the  ensiform  cartilage,  on  either  side,  proceeds  directly  outwards 
to  the  cartilages  of  the  5th,  6th,  and  7th  ribs,  and,  by  its  contrac- 
tion, draws  them  towards  the  middle  line ;  by  this  means  it  serves 
to  diminish  the  capacity  of  the  chest,  and  ministers  to  expiration. 
The  position  of  the  ensiform  cartilage,  which  is  behind  the  level  of 


THE   THORAX.  325 

the  other  cartilages,  and  which  is  thrown  still  farther  back  by  the 
contraction  of  the  recti  muscles  during  expiration,  favoiu's  this  in- 
fluence of  the  triangularis  sterni. 

The  ensiform  cartilage  in  some  instances  becomes  ossified  and 
united  by  bone  to  the  sternum.  In  others  it  remains  cartilaginous 
to  the  last. 

The  primordial  cartilage  of  the  sternum  is  formed  at 

Development.  .  .  •  /^      •  r*         • 

a  comparatively  early  period  of  foetal  life.  Ossification, 
however,  takes  place  comparatively  late,  not  commencing,  even  in 
the  manubrium,  till  half  the  intra-uterine  period  is  passed. 

The  number  of  nuclei  varies  in  different  instances.    There 
aneties  m       ^g  commonlv  one   of  large   size  in  the  manubrium ;  thoueh 

development.  •.■  o  ^  o 

not  unfrequently  there  are  two,  which  is  probably  the  more 
complete  condition.  When  two  nuclei  are  present  they  are  usually 
placed  one  above  the  other,  and  the  upper  one  is  the  larger.  When, 
which  is  rarely  the  case,  the  two  nuclei  are  placed  side  by  side,  they  are 
commonly  unsymmetrical,  though  one  of  the  clavicles  may  rest  upon 
each.  In  Plate  XXII.  fig.  1,  a  small  second  nucleus  is  seen,  on  one 
side,  near  the  symphysis.  This  is  very  common.  In  the  body  of  the 
bone  there  is  usually  one  oval  centre,  or  two  oblong  centres,  placed  side 
by  side  in  each  interval  between  two  pairs  of  ribs ;  these  begin  to  appear 
about  the  7th  month.  The  upper  ones  appear  first,  and  are,  therefore, 
for  a  time,  the  largest;  though  subsequently  the  lower  ones  become 
the  widest,  and  give  the  greater  breadth  to  this  part  of  the  sternum.  At 
birth  there  are,  according  to  Meckel,  usually  four  j^airs  of  osseous  nuclei 
j)resent;  viz.  those  between  the  2nd  and  3rd,  the  3rd  and  4th,  the  4th 
and  5th,  and  between  the  5th  and  6th  costal  cartilages.  In  some  in- 
stances there  are  only  three  or  two  pairs.  The  nucleus  for  the  5th  bone 
of  the  sternum,  when  it  is  formed  separately,  may  appear  at  any  time 
between  6  months  after  birth  and  the  7th  or  8th  year.  The  nuclei  be- 
tween the  3rd  and  4th  and  between  the  4th  and  5th  ribs  are  more  often 
double  than  the  others.-  The  lower  portion  of  the  sternum,  which  is 
common  to  the  5th,  6th,  and  7th  ribs,  is  not  unfrequently  developed 
from  a  single  centre.  When  it  is  developed  from  lateral  portions,  and 
the  ossification  fails  to  reach  the  middle  of  the  bone,  the  aperture  which 
has  been  mentioned  above,  remains.  About  the  1 2th  year  the  various 
lateral  nuclei,  which  are  frequently  unsymmetrical  both  in  size  and  posi- 
tion, unite  in  the  middle  line.     The  residtant  segments  subsequently 
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coalesce  with  one  another;  the  lower  ones  uniting  first;  the  body  does 
not  become  ossified  to  the  maniibrium  till  late  in  life.  Often  these 
two  are  found  separate  in  old  persons ;  the  ensiform  cartilage  is,  accord- 
ing to  Meckel,  more  often  ossified  to  the  body  than  the  latter  is  to  the 
manubrium  \ 

In  the  lower  animals,  although  complete  ossification  of 
Varieties  in       ^j^g  several  Centres,  which  are  developed,  not  in  pairs,  but 

.animals.  ±       •-  i  ' 

from  single  nuclei  in  the  median  line,  takes  place  earlier. 


^  According  to  Beclard,  the  5th  (that  is,  the  segment  in  the  space  between  the 
5th  and  6th  costal  cartilages)  unites  with  the  4th  from  the  15th  to  the  20th  year,  the 
union  taking  place  sometimes  before  its  lateral  portions  have  joined  together;  the  4th 
and  3rd  unite  between  the  ^oth  and  25th  year;  subsequently  the  3rd  unites  with  the 
■2nd ;  the  union  between  the  2nd  and  the  manubrium  does  not  take  place  till  60,  or 
even  later ;  whereas  the  ensiform  cartilage  is  often  found  ossified  to  the  sternum  at  45 
or  50,  its  extremity  remaining  cartilaginous  for  10  or  more  years  after;  the  ossification 
of  the  ensiform  cartilage  takes  place  from  one  nucleus,  rarely  from  more ;  the  period 
at  which  this  appears  is  very  variable,  from  the  2nd  to  the  25th  year,  or  even  later. 


DESCRIPTION  OF  PLATE  XXII. 

Fig.  I.  Front  view  of  sternum  and  costal  cartilages  fi-om  a  child,  aet.  5.  A,  large 
osseous  nucleus  in  manubrium.  B,  small  ditto,  near  lower  angle  of  manubrium,  on 
right  side.  C,  large  single  nucleus  in  2nd  bone  of  sternum.  D,  two  oblong  nuclei, 
placed  side  by  side,  in  3rd  bone  with  (E)  a  small  separate  nucleus  in  the  interval 
between  their  uj)per  ends.  F,  two  similar  nuclei  in  4th  bone.  No  other  nucleus 
appears  below  these.  A  transverse  fibrous  division  is  seen  between  the  cartilage  of  the 
manubrium  and  that  of  the  2nd  bone ;  but  the  cartilage  of  the  rest  of  the  sternum 
forms  one  piece.  The  upper  costal  cartilage  (G)  is  continuous  with  that  of  the  manu- 
brium. The  2nd  {H)  is  separated  from  the  symphysis  and  the  cartilage  above  and 
below  it  by  a  line  of  areolar  tissue,  which  permits  slight  movement  upon  an  antero- 
posterior axis.  The  other  costal  cartilages  are  united  to  the  cartilage  of  the  sternum 
in  a  similar  manner,  no  distinct  synovial  cavity  being  yet  formed  between  them. 
There  is,  however,  a  small  synovial  cavity  at  /  between  the  opposed  surfaces  of  the 
yth  costal  cartilages,  where  they  meet  in  front  of  the  ensifonn  cartilage.  K,  broad 
thick  process  descending  from  the  5th  costal  cartilage  to  upper  edge  of  the  6th  ;  the 
line  of  union  covered  by  the  anterior  ligament.  L  and  M,  7th  and  8th  costal  carti- 
lages united  by  continuity  of  tissue. 

Fig.  2.  A  vertical  section,  from  before  backwai'ds,  through  the  lower  part  of 
(A)  the  manubrium,  (S)  the  upper  part  of  the  body  of  the  sternum,  and  the  symphysis 
between  them.  It  shows  the  shape  of  the  latter,  the  fibrous  structure  ((7)  occupying 
its  wider  posterior  part,  and  the  cartilage,  or  fibro-cartilage,  with  some  delicate  areolar 
tissue  in  its  narrower  fore  part. 

Fig.  3.  Sternum  of  an  eighth  month  fcetus.  There  is  one  osseous  nucleus  in  the 
manubrium,  one  in  the  upper  segment  of  the  body,  and  two  in  each  of  the  2nd,  3rd, 
and  4th  segments. 
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they  remain  separate  to  a  mucli  later  period,  commonly  throughout  life. 
The  Orang  is  an  exception  to  part  of  the  above  statement,  inasmuch  as 
the  pieces  of  the  sternum  of  that  animal  are  developed  in  pairs  and  the 
lateral  portions  of  each  centre  remain  separate;  so  that  the  bone 
consists  permanently  of  as  many  portions  as  there  were  primary  osseous 
nuclei.  In  Birds  one  large  broad  bone  is  formed  at  an  early  period, 
and  a  keel-like  pi'ocess  is  developed  along  its  fore  part.  In  the  Ostrich 
the  latter  is  wanting. 

Breschet'  describes  two  additional  osseous    centres — Os 
Episternai         sus-sternciux — forming  small  pisiform  bones  on  either  side 

bones. 

of  the  notch.  They  ai^e  connected  with  one  another  by  a 
transverse  ligament,  and  are  jointed  with  the  sternum  by  a  synovial  cap- 
sule. He  regards  each  of  them  as  the  anterior  rudiments  of  a  rib,  of 
which  the  posterior  rudiment  is  presented  by  the  separate  nucleus  for 
the  anterior  lamina  of  the  transverse  process  of  the  7th  cervical  vertebra. 
These  Episternai  bones  are  rarely  met  with.  Cruvelhier  saw  them  in 
only  one  instance.  They  have  their  analogue  in  the  episternai  bone  of 
monotrematous  animals. 

The  sternum  is  in  some  instances  entirely  wanting^,  or 
Imperfections      j^^ore  or  less  divided  into  two  parts  by  a  fissure  down  the 

in,  development. 

middle  ^  These  imperfections  are  more  frequent  at  the 
lower  part  than  at  the  upper;  which  accords  with  the  facts  that  the 
closure  of  the  thoracic  cavity  of  the  foetus  commences  at  the  upper 
part,  and  that  the  manubrium  is  formed  in  cartilage  before  the  other 
parts  of  the  sternum.  When  the  bone  is  thus  imperfect,  it,  now  and 
then,  though  rarely,  happens  that  the  skin  and  other  tissues  are  present, 
and  cover  in  the  cavity  of  the  thorax,  the  sternum  alone  being  deficient 
or  fissured*.     More  commonly  the  failure  of  development  is  manifested 


1  Annales  des  Sciences  Naturelles,  Zoologie,  X.  1838. 

^  Weidemann,  Programma  ueber  des  fehlende  Brustbein. 

^  Transactions  of  the  Pa.th.  Society,  li.  281.     Medical  Times  and  Gazette,  1S37. 

■*  Tliis  is  the  case  in  M.  Groux,  who  lately  exhibited  himself  in  Cambridge  and 
many  other  places ;  the  sternum  is  divided  in  two  lateral  parts  by  a  median  fissure, 
extending  through  the  manubrium  and  body  of  the  bone,  and  he  possesses  the  power 
of  widening  the  fissure  to  nearly  three  inches,  by  pressing  the  hands  together,  or  of 
narrowing  it,  by  bringing  the  deltoid  muscles  into  action.  The  defect  does  not  inter- 
fere much  with  respiration  nor  with  the  movements  of  the  arms.  The  skin  cover- 
ing the  fissure  is  quite  natural ;  and  it  would  seem  that  each  half  of  the  bone  is  well 
formed,  or  nearly  so,  but  that  the  halves  are  separated  by  an  interval,  which  may  be 
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in  tlie  soft  structures  as  well  as  in  tlie  bone,  so  that  the  thorax  is  open, 
and  perhaps  the  heart  is  uncovered,  constituting  what  is  called  ectopia 

cordis.  It  has  already  been  noticed  that  the  bone  is  shorter 
shape.  in  women  than  in  men,  and  that  it  varies  a  good  deal  in 

length  in  different  persons;  it  does  so  also  in  width  and  shape,  being 
broad  or  narrow,  straight  or  much  curved,  with  a  well-marked  waving 
or  nearly  sti'aight  margin.  Now  and  then  it  is  bifid,  and  it  is  said 
to  be  occasionally  keel-shaped,  resembling  somewhat  the  sternum  of  a 
bird^  The  manubrium  has  been  known  to  extend  as  low  as  the  third 
rib^,  and  Desault  saw  the  zyphoid  cartilage  descend  as  far  as  the 
umbilicus. 

Though  subject  to  the  same  diseases  as  the  rest  of  the 

skeleton,  it  is  not  so  frequently  the  seat  of  them  as  many 
other  bones.  Rokitansky  observes  that  the  inflammation  and  indu- 
ration which  occur  in   syphilitic  disease  are   rarely  met  with   in  the 


regarded  as  of  similar  kind  to  the  hole  often  found  in  the  lower  part  of  the  sternum ; 
the  only  difference  being  that,  in  this  instance,  the  division  exists  in  the  whole  length 
of  the  bone,  instead  of  being,  as  usual,  confined  to  one  spot. 

^  Blandin,  N'ouveaux  Memens  d'Anatoniie,  i.  50. 

2  Meckel's  Archiv,  iv.  480. 


DESCRIPTION  OF   PLATE   XXIII. 

Fig.  I.  Sternum  from  a  lad  £et.  10,  viewed  from  behind.  There  is  one  nucleus  {A) 
in  the  manubrium,  and  one  (5)  in  the  first  segment  of  the  body.  The  two  nuclei  (C) 
in  the  2nd  segment  have  coalesced,  and  those  {D)  in  the  3rd  have  begun  to  do  so. 
There  is  one  nucleus  {E)  in  the  ensiform  cartilage  which  is,  in  this  instance,  continuous 
with  the  cartilage  of  the  sternum.  The  ensiform  cartilage  is  bifid  and  there  is  a  small 
hole  (F)  through  its  middle. 

Fig.  2.  A  vertical  section  from  side  to  side  through  one  half  of  the  sternum,  the 
sterno-clavicular  articulation  and  the  costo-sternal  joints.  A,  the  manubrium.  B,  the 
body  of  the  sternum.  C,  the  symphysis.  J),  the  clavicle.  E,  the  interarticular  liga- 
ment of  the  sterno-clavicular  joint.  F,  the  ist  costal  cartilage  united  to  the  sternum 
in  its  upper  half  by  dense  fibrous  tissue,  and  in  the  lower  half  separated  from  it  by  a 
narrow  synovial  cavity.  G,  the  interarticular  ligament  connecting  the  2nd  costal 
cartilage  with  the  symphysis.  H,  H,  upper  and  lower  edges  of  capsule  of  3rd  costo- 
sterna,l  joint.  I,  fibrous  ligament  uniting  lower  part  of  head  of  4th  costal  cartilage  to 
the  sternum.  L,  synovial  cavity  between  upper  part  of  the  same  and  the  sternum. 
M,  5th  costal  cartilage  united  to  sternum  by  areolar  tissue.  N,  6th  costal  cartilage 
with  distinct  synovial  cavity  between  it  and  sternum. 

Fig.  3.    Front  view  of  a  costo-sternal  joint  showing  the  anterior  ligament. 
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sternum.  Frequent  exercise  of  tile  right  arm  in  lifting  weights  has  been 
thought,  in  some  instances,  to  have  been  the  cause  of  slight  deviation  of 
the  bone  to  the  right  side  by  means  of  the  increased  action  of  the  pec- 
toralis  major.  In  curvature  of  the  spine  it  often  inclines  to  one  s'ide  or 
other  of  the  middle  line. 


THE    EIBS. 

The  twelve  ribs  present  a  good  illustration  of  that 

General  resem-  ,  .  ,,...,.. 

bianceand  resemblance  m  general  leatures  and  dissniiilanty  m 
ferences*^^  details  wlilch  petvade,  more  or  less,  the  various  parts  of 
the  skeleton,  and  which  may  indeed  be  observed  through- 
out the  whole  of  the  physical  world  to  constitute  a  general  law  in 
creation.  They  are  all  alike  in  the  plan  of  their  construction,  yet 
each  one  differs  from  the  others  in  certain  particulars.  Thus  each 
has  an  articulating  head,  a  neck,  angle,  body,  and  certain  curves 
and  twists ;  but  all,  or  nearly  all  of  these,  present  varieties  in  the 
different  ribs,  so  that  each  particular  rib,  just  as  we  found  to  be  the 
case  with  each  particular  vertebra,  has  peculiarities  sufficient  to 
characterise  it  to  the  scrutinising  observer.  Many  points  of  interest 
may  be  observed  in  these  apparently  simple  and  unattractive  bones ; 
for  the  purpose  of  examining  them,  it  is  a  good  plan  to  arrange  the 
several  ribs  upon  a  table  in  the  order  in  which  they  are  placed  in 
the  body. 

The  ribs  increase  in  length  from  the  1st  to  the  7tli ; 

Length. 

then  decrease  again  to  the  12th.  The  latter  is  of  about 
the  same  length  as  the  1st,  though  it  varies  a  good  deal  in  different 
persons. 

Curves  in  hori-  Each  of  the  ribs  is  cmwed,  and  cmwed  in  unequal 

zontai plane,  degrees  in  different  parts  of  its  length;  so  that  a  rib 
cannot  be  said  to  form  a  segment  of  one  circle,  but  may  rather  be 
described,  in  a  general  manner,  to  form  segments  of  two  circles  of 
unequal  radius.  The  sharper  of  these  two  curves  is  situate  near 
the  hinder  part,  and  gives  rise  to  the  marked  prominence  behind, 
which  is  called  the  Angle  of  the  rib.     This  posterior  projection 
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brings  the  ribs  nearly  to  a  level  with  the  spinous  processes,  and 
causes  that  flatness  of  the  back  and  that  ability  to  lie  at  ease  upon 
the  back  which  is  peculiar  to  man.  It  also  increases  the  capacity 
of  the  chest,  and  makes  some  amends  for  the  comparatively  small 
antero-posterior  diameter  of  the  human  thorax.  The  degree  of 
cm-vature  of  the  ribs,  and  particularly  of  that  sharper  curvature 
which  forms  the  angle,  varies  a  good  deal  in  the  different  ribs ;  it  is 
most  marked  in  tlie  first,  and  undergoes  a  progressive  and  almost 
regular  diminution  to  the  last,  in  which  there  is  little  or  no  differ- 
ence in  the  degree  of  the  curvature  of  the  different  parts.  So  that 
in  the  last  rib  the  angle  can  scarcely  be  said  to  exist ;  and  the 
whole  of  this  bone  may  be  considered  to  form  a  segment  of  one 
™    .,  laro-e  circle.     On  the  concave  side  of  the  curve  each  rib 

i  he  ricige  on  ~ 

internal  surface,  f  g  strengthened  by  a  Ridge  proceeding  from  the  head, 
generally  from  the  lower  part  of  the  head,  and  projecting  into  the 
arc  of  the  curve.  The  ridge  is  strongly  marked  at  its  commence- 
ment, where  it  occupies  the  inside  of  the  angle,  a,nd  is  gradually 
lost  about  the  middle,  or  towards  the  anterior  extremity,  of  the  rib. 
It  forms  the  upper  edge  of  the  so-called  Groove  for  the  intercostal 
artery,  and  gives  attachment  to  the  fibres  of  the  internal  intercostal 
muscle.  It  is  very  strongly  marked  in  the  1st  rib,  giving  that 
breadth  to  the  bone  which  is  one  of  its  characteristics,  and  is 
scarcely  perceptible  in  the  12th.  At  the  part  where  it  is  most 
marked,  that  is  to  say,  at  the  neck  and  angle,  each  rib  is  of  nearly 
cylindrical  shape ;  where  it  begins  to  fail  the  rib  becomes  extended 
from  above  downwards  or  flattened  out.  Near  to  their  anterior 
extremities  the  vertical  diameter  of  the  lower  five  or  six  ribs  is 
again  somewhat  curtailed ;  and  the  end  of  each  is  thickened  and 
cup-shaped  for  the  reception  of  the  costal  cartilage. 
Nutritious  fo-  Beneath  the  ridge  just  mentioned,  and  upon  it,  may 

ramina.  j^g  gggj-^  numerous  Small  Foramina  traversing  the  wall  of 

the  shaft  obliquely  from  before  backwards.  These  transmit  small 
vessels  to  the  interior ;  they  take  an  opposite  direction  to  that  of  the 
intercostal  artery,  and  correspond  with  the  nutritious  foramina  of 
other  long  bones  in  being  slanted  away  from  the  epiphysis  which  is 
last  united  to  the  shaft.  In  the  interval  between  the  tubercle  and 
the  head  of  the  rib  the  direction  of  these  foramina  is  less  constant : 
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some  of  them  pierce  the  bone  perpendicularly,  some  are  slanted  for- 
wards, some  backwards. 

Curves  in  ver-  ^^^  addition  to  the  above-described  curves  in  a  hori- 

hcai  plane.  zontal  plane,  which  are  so  disposed  with  their  concavi- 
ties towards  the  median  line  as  to  give  capacity  to  the  thorax,  there 
are  other  cmwes  in  the  ribs,  by  means  of  which  their  fore  and  hinder 
extremities  acquire  an  inclination  upwards  or  downwards.  The 
effect  of  these  curves  ("twists"  or  "torsions"  they  are  often  im- 
properly called)  in  the  vertical  plane  is  well  seen  when  the  ribs 
are  aiTanged  in  order  upon  a  table,  lying  on  their  lower  edges. 
The  1st  rib  is  found  to  be  nearly  flat ;  its  head,  however,  is  di- 
rected a  little  downwards,  owing  to  a  bend,  with  the  convexity 
upwards,  at  the  angle.  In  the  2nd  and  3rd  ribs  there  is  a  similar, 
but  slighter,  inclination  of  the  heads  downwards.  In  the  4th  rib 
the  head  is  curled  a  little  upwards,  so  as  not  to  touch  the  table 
when  the  bone  is  placed  upon  its  lower  edge.  This  inclination  up- 
wards increases  to  the  7th  rib ;  and  then  it  diminishes  again  to 
the  12th,  the  head  of  which,  like  that  of  the  upper  three  ribs,  has  a 
slight  inclination  downwards.  Thus,  when  the  several  ribs  rest 
upon  their  lower  edges,  their  heads  present  a  waving  line,  and 
the  summit  of  the  wave  is  formed  by  that  of  the  7th  rib.  Their 
anterior  extremities,  on  the  other  hand,  are  all  curled  a  little  down- 
wards; those  of  the  1st  and  12th  in  the  least,  and  those  of  the 
7th,  8th,  9th,  and  10th,  in  the  greatest  degree. 
Articular  facets  ^^^  heads  of  the  greater  number  of  the  ribs  present 
on  head  of  rib.  g^^^]^  g^  doublc  Articulating  Facet,  or  two  facets  sepa- 
rated by  a  projecting  ridge  running  from  before  backwards,  which 
is  slightly  roughened  at  the  summit.  This  is  in  accordance  with 
the  fact  that  each  of  these  ribs  is  connected  with  two  contiguous 
vertebrae.  The  first  and  the  lower  two  or  three  ribs  are  each  con- 
nected with  only  one  vertebra,  and  have  each  but  a  single  facet. 
The  two  facets  are  most  distinct  from  the  4th  or  5th  to  the  8th 
or  9th  ribs.  The  superior  facet  is,  in  each  of  these,  directed  some- 
what more  obliquely  from  the  intervening  ridge  than  is  the  inferior 
facet ;  and  this  has  relation  to  the  greater  prominence  of  the  cor- 
responding articulating  facets  of  the  vertebrse.  In  the  1st  rib  the 
articulating  surface  is  situated  on  the  inner  and  posterior  surface 
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of  the  head.  This  is  less  the  case  as  we  travel  downwards  through 
the  series  of  ribs ;  and  in  the  12th  it  is  placed  on  the  inner  and 
anterior  surface,  quite  at  the  extremity  of  the  rib. 

The  Tubercle  is  much  more  prominent  in  the  upper 

The  tubercles.  ,  .  ,  .         , 

two  or  three  ribs  than  m  those  lower  down ;  in  the 
lower  two  or  three  it  does  not  exist  at  all.  The  Articular  Facets  on 
the  tubercles  of  the  upper  two  or  three  ribs  are  elongated  from 
within  outwards  and  sliglitly  convex  from  above  downwards, 
being  thus  adapted  to  the  concave  and  similarly  elongated  facets 
on  the  corresponding  transverse  processes  of  the  vertebrse  (page 
175) ;  whereas  those  lower  down  are,  for  a  like  reason,  round  or 
oval,  with  the  greatest  diameter  from  above  downwards.  In  all 
the  ribs,  in  those  below  the  first  more  particularly,  the  articula- 
ting facets  are  nearer  the  lower  than  the  upper  edges  of  the  tuber- 
cles (see  p.  140),  and  are  surmounted  by  rough  projections  which 
serve  for  the  attachment  of  the  posterior  costo-trans verse  ligaments. 
The  Nech,  or  portion  intervening  between  the  head 
and  the  tubercle,  is  long  and  thin  in  the  case  of  the  upper 
ribs ;  below  the  4th  it  is  thicker  and  shorter.  In  the  case  of  the 
lower  two  ribs  there  is  no  tubercle,  and  the  neck,  therefore,  cannot 
be  said  to  exist.  The  necks  of  the  ribs  are  separated  from  the 
transverse  processes  of  the  vertebrse  by  intervals  which  correspond 
to  the  foramina  in  the  transverse  processes  of  the  cervical  ver- 
tebrae ^ 

The   flat  Surfaces  of  the  1st   rib    look  almost   di- 
rectly upwards  and  downwards.     Those  of  the  2nd  rib 
are  inclined  a  little  outwards  and  inwards ;  those  of  the  3rd  and 
4th  are  still  more  so.     In  the  5th  and  succeeding  ribs  the  flat  sm-- 
faces  look  directly  inwards  and  outwards ;  the  upper  edge  is  rounded, 


1  An  interesting  confirmation  of  this  relation  is  furnished  in  the  Lithographic 
Draidngs  of  the  Arteries,  by  Quain  and  Maclise,  Plate  XXII.  fig.  5.  It  is  an  instance 
in  which  the  superior  intercostal  artery  on  the  right  side  is  derived  from  the  vertebral, 
and  passes  downwards  into  the  thorax  through  the  foramen  in  the  transverse  process 
of  the  7th  cervical  vertebra,  and  afterwards  between  the  necks  of  the  upper  three  ribs, 
and  the  corresponding  transverse  processes  of  the  dorsal  vertebras,  sending  branches  to 
the  upper  three  intercostal  spaces.  The  first  aortic  intercostal  branch  also  occupies  a 
similar  position  in  reference  to  the  bones. 
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and  the  lower  edge  is  sharp.  In  the  12th  rib  the  upper  edge  has 
a  slight  inclination  ontwards,  and,  accordingly,  the  sides  have 
again  a  disposition  to  look  upwards  and  downwards ;  but,  whereas 
in  the  1st  rib  the  external  surface  looks  upwards  and  the  internal 
or  plem-al  sm-face  looks  downwards,  in  the  12th  rib  it  is  the 
reverse,  for  the  internal  surface  looks  upwards,  and  the  external 
surface  looks  downwards. 

Relation  of  these  ^ost  of  the  above-mcntioned  peculiarities  in  the 
indh-iduai  pecu-  shape  of  the    individual  ribs    have  relation,   not  only 

liarities  to  the  .  . 

movements  of  to  the  general  shape  of  the  chest,  which  is  obvious 
enough,  but  also  to  the  particular  movements  which  the 
respective  ribs  undergo  in  respiration.  The  1st  rib,  jDlaced  at  the 
upper  and  more  contracted  region  of  the  thorax,  and  overlying  part 
of  the  apex  of  the  lung,  is  flat  on  its  upper  and  under  surfaces ;  it 
is  connected  by  a  broad  thick  cartilage  with  the  manubrium  of  the 
sternum,  and,  during  inspiration  and  expiration,  its  anterior  ex- 
tremity is  simply  raised  and  depressed ;  and  in  this  movement  the 
whole  bone,  with  the  sternum,  revolves  on  a  transverse  axis  which 
passes  through  the  tubercle  and  head  of  the  rib,  running  parallel 
with  the  articulating  sm-face  of  the  former,  and  traversing  the  ar- 
ticulating surface  of  the  latter,  or  nearly  so.  Accordingly,  a  sort  of 
hinge-like  motion  takes  place  in  the  joint  between  the  tubercle  of 
the  rib  and  the  transverse  process  of  the  vertebra,  and  a  rotatory 
motion  occurs  in  the  joint  between  the  head  of  the  rib  and  the  body 
of  the  vertebra.  And  it  is  to  permit  these  movements  in  the 
respective  joints  that  the  articulating  facet  of  the  tubercle  is  elon- 
gated ti-ansversely,  and  is  received  into  the  hollowed  socket  of  the 
vertebral  process ;  and  that  the  articulating  surface  on  the  head  of 
the  rib  is  rounded  or  ball-like,  and  is  lodged  in  a  corresponding 
concave  round  socket  on  the  side  of  the  vertebral  body  (PI. 
XXY.  figs.  1  and  3).  Hence  the  axis  of  motion  of  the  first  rib,  on 
the  one  side,  about  coincides  with  that  of  the  first  rib  on  the  other 
side.  In  other  words,  the  two,  with  the  sternum  between  them, 
may  be  described  as  playing  up  and  down,  in  a  hinge-like  manner, 
upon  an  axis  drawn  through  the  tubercles,  necks,  and  heads  of 
both  ribs,  and  traversing  the  body  of  the  first  dorsal  vertebra  upon 
which  they  are  placed.     The  same  remarks  apply  generally  to  the 
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2nd  rib,  the  shape  and  movements  of  which  correspond  very  closely 
Avith  those  of  the  first. 

In  the  case  of  the  ribs  situated  lower  down,  more  particularly 
of  those  occupying  the  intermediate  position  between  the  highest 
and  the  lowest,  the  movement  is  not  quite  so  simple.  There  is,  as 
in  the  case  of  the  first  rib,  an  elevation  of  the  anterior  extremity 
and  body  of  each  bone ;  but  this  is  not  effected  by  a  mere  hinge- 
like movement  of  the  rib  upon  the  vertebra.  Such  a  movement, 
seeing  that  the  rib  lies  upon  the  side,  instead  of  upon  the  upper 
surface,  of  the  thorax,  would  not  have  caused  much  variation  in  the 
size  of  that  cavity,  and,  consequently,  would  not  have  contributed 
much  assistance  to  the  respiratory  process.  Accordingly  a  different 
movement  and  a  different  shape  of  the  articulating  surfaces  are 
provided.  In  inspiration  the  bodies  and  angles  of  these  ribs  are 
raised  as  mucli,  or  nearly  as  much,  as  their  anterior  extremities,  so 
as  to  increase  the  transverse  diameter  of  the  chest ;  and  the  whole 
of  each  rib  revolves  upon  an  axis  drawn,  not  transversely,  but  from 
before  backwards  through  the  costo-vertebral  joint,  and  nearly  cor- 
responding with  the  prominent  ridge  which  separates  the  two  arti- 
cular facets  upon  the  head  of  the  rib.  The  shape  of  the  latter  is 
modified  accordingly  (PI.  XXV.  figs.  2  and  4);  and  as  it  is  a 
necessary  attendant  on  such  movement  of  the  middle  parts  of  the 
ribs  that  the  tubercles  should  slide  a  little  up  and  down  upon  the 
transverse  processes  of  the  vertebras,  we  find  that  the  opposed  arti- 
culating surfaces  are  nearly  flat,  and  that  they  are  round,  or  a  little 
elongated  in  a  vertical  direction.  (See  p.  175.) 
Development  ^^^®  ossificatiou  of  the  ribs  takes  place  very  early ; 

of  the  ribs.  j^  commenccs,  at  the  middle  of  each  rib,  from  the  45th 
day  of  foetal  life  to  the  end  of  the  2nd  month.  By  the  end  of  the  3rd 
month,  the  bony  part  bears  as  large  a  proportion  to  the  costal  car- 
tilage as  at  the  full-grown  period.  Between  the  16th  and  20th 
years  a  nucleus  appears  in  the  epiphysis  which  forms  the  articular 
surface  of  the  head  of  each  rib,  and  another  in  that  of  the  tubercle. 
These  become  united  to  the  shaft  soon  after  20.  There  is  no  sepa- 
rate centre  for  the  tubercle  in  the  11th  and  12th  ribs. 

In  women  the  ribs  are  rather  smaller  than  in  men,  with  the  excejD- 
tion  of  the  first  two,  which  Meckel  finds  to  be  absolutely  a  little  larger ; 
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tliey  are  also  ratlier  more  sharply  curved  at  tlie  hinder  part,  and  are 
flatter  or  straighter  at  the  sides,  so  as  to  render  the  transverse  diameter 
of  the  chest  less  in  jjroportion  to  the  antero-posterior  (page  350.) 

Fractures  occur  with  about  equal  frequency  in  the  various  parts  of 
their  shafts.  They  commonly  result  from  the  direct  application  of  force, 
such  as  a  blow  or  a  wheel  passing  over  the  chest.  In  one  case,  that  of  a 
man  who  fell  from  a  height  upon  one  side  of  his  chest,  the  4th,  5th,  and 
6th  ribs  are  said  to  have  been  found  broken  on  the  opposite  side  near 
their  cartilages  by  the  contre-couj? '. 

The  Costal  cartilages,  which  may  be  reg-arded  as  the 

Costal  cartilages:  _  _  _        ,  _ 

their  connection  aiiterioi'  cpiphjses  of  the  ribs,  and  which  in  birds  are 
regularly  ossified,  forming  what  are  called  the  "  sternal 
ribs,"  connected  with  the  sternum  by  regular  synovial  joints,  are 
miited  to  their  respective  ribs  in  a  very  firm  manner.  The  rounded 
end  of  each  cartilage  is  received  into  the  concavity  at  the  extremity 
of  its  rib,  and  is  joined  to  it  just  in  the  same  way  that  the  cartila- 
ginous epiphyses  in  other  parts  of  the  skeleton  are  connected  with 
their  respective  bones.  Hence,  in  breathing,  the  ribs  and  their  car- 
tilages move  together  upon  the  sternum,  and  separation  of  one 
from  the  other  is  very  rarely  caused  by  external  force.  I  have 
known  it  take  place  in  the  course  of  ulcerative  and  suppurative 
disease,  as  sometimes  happens  in  the  case  of  other  epiphyses^. 


^  Archives  Gen.  de  Med.  1837,  Tom.  11. 

-  Prof.  H.  Luschka,  Muller's  Archiv,  1857,  s.  327,  found  a  linear  cavity  at  the 
junction  of  the  first  rib  with  its  cartilage,  on  either  side,  in  the  body  of  a  man,  set.  55. 
It  was  surrounded  by  the  cartilage,  and  did  not  interfere  with  the  firm  union  of  the 
rib  with  the  cartilage.  He  connects  this  anomaly  with  the  observation  of  Bruch, 
Beitrage  zur  Enticickelungsgesddclite  des  Knochensy steins,  s.  15,  that  the  costal  carti- 
lages are  not  mere  portions  of  ribs  to  which  ossification  has  not  extended,  but  that 
they  are  distinct  portions  of  the  skeleton,  separated  by  formative  tissue,  in  the  early 
foetal  state,  from  the  sternum  on  the  one  side  and  the  ribs  on  the  other,  just  as  the 
latter  are  separated  from  the  vertebrag.  This  formative  tissue  commonly  becomes  con- 
verted into  a  synovial  cavity  between  the  lower  cartilages  and  the  sternum ;  whereas 
between  the  first  cartilage  and  the  manubrium,  and  between  all  the  cartilages  and  the 
ribs,  it  usually  disappears,  Luschka's  case  affords  the  rare  example  of  its  undergoing, 
in  the  latter  situation,  a  change  similar  to  that  which  takes  place  at  the  juncture  of 
the  lower  cartilages  with  the  sternum.  In  the  same  instance,  also,  the  union  between 
the  first  cartilage  and  the  sternum  was  not  direct,  but  by  means  of  a  line  of  fibro- 
cartilage.     See  a  small  synovial  cavity  in  this  situation,  PI.  XXIII.  fig.  i. 
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They  differ  from  Tlie  Several  Cartilages,  like  tlie  ribs,  differ  from  one 
one  another.  another  in  many  respects.  Thus  the  cartilage  of  the 
1st  rib  is  shorter,  thicker,  and  stronger  than  the  others.  It  is  so 
because  it  forms  the  chief  support  of  the  manubrium  which  has  to 
bear  the  clavicles.  So  that  the  1st  rib  and  its  intercostal  cartilage 
constitute  the  medium  of  connection  between  the  upper  extremity 
and  the  vertebral  column ;  and  for  this  purpose  they  are  suited  by 
their  comparative  immobility,  as  well  as  by  their  greater  strength. 
Moreover  the  shortness  and  flattened  shape  of  the  1st  rib  and  of  its 
cartilage,  and  the  extent  to  which  the  concavity  of  the  curve  of  the 
rib  is  filled  up  by  the  growth  of  the  inner  margin,  are  additional 
provisions  for  affording  an  efficient  support  to  the  manubrium. 
The  other  costal  cartilages  decrease  in  thickness  from  the  1st  to 
the  12th,  which  is  the  thinnest  of  all.  Like  the  ribs  they  gradually 
increase  in  length  to  the  7th,  and  below  this  they  again  decrease  to 
the  12th.  The  1st  cartilage,  descending  with  slight  obliquity  to 
the  sternum,  is  continued  in  the  same  direction  as  the  rib ;  and  the 
intention  of  affording  an  efficient  support  to  the  manubrium  is,  in 
this  manner,  still  further  carried  out.  The  2nd  cartilage  joins  the 
sternum  at  a  right  angle,  forms  a  wide  angle  with  its  own  rib,  and 
is  of  nearly  equal  width  in  its  whole  length.  The  difference  of 
direction  between  the  cartilages  and  their  ribs  becomes  more  and 
more  marked  as  we  trace  them  downwards.  The  ribs  being 
slanted  with  increasing  obliquity  from  the  vertebral  column  doion- 
wards  and  forwards,  the  cartilages  must  ascend  with  a  proportionate 
increase  of  obliquity  to  reach  the  sternum ;  or,  failing  this,  to  reach 
the  cartilages  of  the  ribs  above  them.  They  also  become  narrower 
as  they  approach  the  sternum.  The  lowermost  two,  called  the 
"floating  cartilages,"  are  short  and  pointed,  and  follow  more  the 
direction  of  their  ribs.  They  are  not  connected  with  the  other  car- 
tilages or  with  one  another. 


The  so-called  Ossification  of  the  costal  cartilages  takes 

T  eirossi  ca-     ■^\q^qq   \^  ^  very   irregular  manner   and  at  very   uncertain 

periods.     It  consists  rather  in  an  amorphous  clustering  of 

earthy  granules,    which   form   nodulated    masses    scattered    irregularly 

through  the  cartilage,  than   in  a  regular  process  of  ossification.      The 
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matrix  of  tlie  cartilage  first  undergoes  fibrillation ;  and  this  may  often  be 
seen  to  have  occurred  to  a  considerable  extent  when  no  earthy  matter 
has  been  deposited.  The  "  ossification"  takes  places  in  the  first  carti- 
lage sooner  than  in  the  others,  and  in  men  more  frequently  and  at  an 
earlier  period  of  life  than  in  women.  The  remarks  at  p.  58  indicate 
that  it  is  a  morbid  change  rather  than  an  attendant  upon  old  age. 


COSTO-STERNAL  JOINTS.     (Plate   XXIU.  Fig.  2.) 

The  mode  of  connection  of  the  several  cartilages  with  the  ster- 
num varies  somewhat  in  different  individuals,  as  well  as  in  the  seve- 
ral costo-sternal  joints  of  the  same  person ;  and  it  is  not  always 
symmetrical  on  the  two  sides.  In  the  uppermost  joint,  where 
much  strength  and  little  movement  is  required,  the  cartilage  may 
be  united  directly  to  the  bone ;  or,  as  in  the  Example  represented 
in  PI.  XXIII.  fig.  2,  it  may  be  fastened  to  the  sternum  by  strong 
fibrous  tissue  at  one  part,  and  be  separated  from  it  by  a  small  syno- 
vial cavity  at  another.  The  2nd  cartilage  is  more  regular  in  its  mode 
of  union  with  the  sternum  than  any  of  the  others.  It  is  received 
into  the  interval  between  the  manubrium  and  the  body  of  the 
sternum.  A  strong  fibrous  interarticular  ligament  ( G)  runs  from  a 
ridge-like  projection  at  its  extremity  to  the  symphysial  structure 
between  the  two  bones ;  and  the  upper  and  lower  surfaces  of  the 
head  of  the  cartilage  are  applied,  the  one  against  the  edge  of  the 
manubrium,  the  other  against  the  contiguous  edge  of  the  body  of 
the  sternum ;  a  synovial  cavity  or  some  fine  areolar  tissue  inter- 
vening in  each  instance.  The  3rd  cartilage  frequently,  as  shown 
in  the  drawing,  terminates  in  a  rounded  end,  or  rather  in  an 
end  compressed  a  little  above  and  below,  so  as  to  present  a 
slight  ridge  upon  its  summit.  This  cartilage  is  received  into  a 
socket  in  the  edge  of  the  sternum ;  and  the  joint  is  provided 
with  a  regular  synovial  capsule  {H).  The  4th  cartilage  ascends 
obliquely  to  join  the  sternum ;  it  is  united  to  its  socket  in  that 
bone,  at  the  lower  part  of  its  head,  by  strong  ligamentous  fibres 

22 
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{!),  wliicli  run  upwards  and  inwards  from  the  bone  to  the  carti- 
lage; and  at  the  upper  part  hj  a  synovial  capsule  {L).  Hence 
when  the  cartilage  is  raised  with  the  rib  in  inspiration,  its 
pressure  against  the  upper  part  of  the  socket,  and  its  traction 
bj  means  of  the  ligamentous  fibres,  upon  the  lower  part  of  the 
same,  combine  to  cany  the  sternum  with  it.  The  5th  cartilage 
joins  the  sternum  at  a  still  more  acute  angle  than  the  4th,  and,  in 
the  instance  represented,  was  united  to  it  by  fibrous  tissue  with- 
out any  synovial  cavity  at  all.  The  6th  runs  to  the  lower  end  of 
the  bone,  and  has  a  synovial  cavity  as  extensive  as  that  of  the  3rd. 
The  7th  also  has  often  a  synovial  cavity.  In  some  instances,  how- 
ever, especially  in  young  subjects,  there  are  no  synovial  cavities  at 
all  discernible,  and  the  several  cartilages  are  joined  to  the  sternum 
by  variable  proportions  of  tough  ligamentous  and  delicate  areolar 
tissue  (PL  XXII.  fig.  1,  and  XXIII.  fig.  1).  There  are,  in  con- 
nection with  each  costo-sternal  joint,  except  the  first,  two  ligaments 
consisting  of  radiating  fibres,  which  pass  from  the  cartilage  to  the 
sternum,  one  in  front,  and  the  other  behind  the  joint  (PI.  XXIII. 

fig.  3). 

The  movement  permitted  by  these  joints  is  slight, 

Movements. 

and  m  one  direction  only,  viz.  a  hmge-like  movement 
of  each  cartilage,  upwards  and  downwards,  upon  an  axis  drawn, 
from  before  backwards,  through  the  most  projecting  part  of  its 
extremity.  There  is  scarcely  any  antero-posterior  movement,  that 
is,  movement  upon  a  vertical  axis,  possible.  In  their  antero-poste- 
rior movements  the  cartilages  do  not  revolve  upon  the  sternum, 
but  carry  that  bone  with  them ;  whereas,  in  the  elevation  and  de- 
pression to  which  they  are  subjected  with  the  ribs  during  respira- 
tion, they  revolve  a  little  upon  the  sternum  as  well  as  carry  it  with 
them.  So  that  although  the  sternum  advances  and  retires  with 
the  cartilages,  and  to  as  great  an  extent  as  they,  it  does  not  ascend 
and  fall  in  nearly  the  same  degTee  that  they  do.  This  difference 
in  the  share  taken  by  the  cartilages  of  the  ribs  and  the  sternum  in 
the  respiratory  movements  may  be  distinguished  by  any  one  who 
places  his  fingers  upon  his  own  sternum  and  upon  his  costal  carti- 
lages near  the  junction  with  the  ribs,  and  examines  the  changes  of 
position  which  they  respectively  undergo  in  respiration. 
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The  5tli   and  6th,  and  the  6th  and  7th  cartilages 

Union  of  the  .  .  .         p 

cartilages  with  are  United  to  one  another  at,  or  just  m  front  of,  the 
point  at  which  they  make  their  bend  and  turn  up  to  reach 
the  sternum.  (PI.  XXII.  fig.  1,  K.)  The  cartilages  about  this  spot 
are  thickened ;  and  a  broad  blunt  process  extends  from  the  lower 
edge  of  each  to  the  upper  edge  of  the  one  below,  and  comes  into 
contact  with  it,  and  the  opposed  surfaces  are  flattened  and  sepa- 
rated bj  a  synovial  cavity.  A  series  of  regular  joints  is  thus  pro- 
vided, which  permit  slight  lateral  movement  of  the  cartilages  upon 
one  another ;  and  the  several  cartilages  are  securely  bound  together 
by  ligamentous  fibres  passing,  from  one  to  the  other,  across  the  re- 
spective joints.  By  the  connection  of  these  long  cartilages  Avith  one 
another  in  so  firm  a  manner,  the  framework  of  the  chest  is  much 
strengthened,  just  at  this  part  where  it  is  entirely  dependent  upon  the 
costal  cartilages  for  its  firmness.  The  other  cartilages,  as  low  as  the 
10th,  are  united  together,  either  in  a  similar  manner,  or  by  fibrous 
tissue  only,  or  by  continuity  of  structure  ;  the  perichondrium  of  the 
one  is,  in  the  latter  case,  continuous  with  that  of  the  other.  The 
11th  and  12th  cartilages  are  connected  with  each  other  only  by 
the  intercostal  and  abdominal  muscles. 


COSTO-VERTEBRAL  JOINTS.     (Plates  XXIV  &  XXV.) 

The  joints  between  the  heads  of  the  ribs  and  the  bodies  of  the 

vertebree  (of  those  at  least  from  the  1st  to  the  10th)  resemble  that 

of  the  2nd  costal-cartilage  with  the  sternum,  inasmuch  as  each  rib 

is  fitted  into  a  depression  between  two  vertebras,  and  each  presents 

.   ,       a  ridgre  upon  its  summit  from  which  an  Inter  articular 

Interarticnlar  o         r 

ligament.  ligament  runs  to  the  symphysial  or  intervertebral  sub- 

stance. This  interarticnlar  ligament  (PI.  XXIV.  fig.  2,  C)  is  not 
very  thick.  It  is  connected  rather  with  the  lower  than  with  the 
upper  part  of  the  intervertebral  substance,  in  consequence  of  its 
fibres  having  a  slight  inclination  downwards  from  the  rib  for  the 
purpose  of  preventing  the  ascent  of  the  head  of  the  rib,  which  the 
contraction  of  the  inspiratory  muscles  tends  to  induce.     There  are 

22—2 
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various  other  provisions  wliicli  combine  to  counteract  tliis  tendency, 
and  to  keep  the  head  of  the  rib  steady  in  its  place,  and  which  make 
it  the  centre  of  motion  in  the  ascent  and  descent  of  the  shaft  during 
respiration.  Thus  the  articulating  surface  of  the  vertebra  above 
stands  out  boldly,  more  boldly  than  that  of  the  vertebra  below, 
so  as  to  afford  the  head  of  the  rib  an  efficient  point  d''appui,  and 
most  of  the  costo-vertebral  ligaments  are  so  disposed  as  to  contri- 
bute to  the  same  object.  The  interarticular  ligament  divides  the 
joint  into  two  synovial  cavities  ;  one  above,  between  the  upper  facet 
of  the  head  of  the  rib  and  the  vertebra  above ;  and  one  beneath, 
between  the  lower  facet  of  the  head  of  the  rib  and  the  vertebra 
below. 

The  upper,  fore,  and  under,  parts  of  the  articulation 

Anterior  costo-  x  x       '  '  x. 

vertebral  liga-  are  covcrcd  and  protected  by  the  fibres  of  the  Anterior 
costo-vertebral  ligament  (fig.  1,  A),  which  radiate  from  the 
margin  of  the  head  of  the  rib  to  the  adjacent  parts  of  the  bodies  of 
the  vertebrae  and  the  intervertebral  substance.  The  lower  portion 
of  the  ligament — that  which  covers  the  inferior  of  the  two  joints, 
and  which  is  attached  to  the  inferior  of  the  two  vertebree — is  the 
strongest.  It  is  rendered  tense  when  an  attempt  is  made  to  raise 
the  body  of  the  rib,  and  it  limits,  or  rather  prevents,  that  move- 
ment :  it  also  limits  the  rotation  of  the  head  of  the  rib  which 
occurs  during  the  elevation  of  the  shaft  in  inspiration. 


DESCEIPTION  OF   PLATE  XXIV. 

Fig.  I.  Front  view  of  articulations  of  three  middle  ribs  with  their  vertebra. 
A,  A,  A,  anterior  costo-vertebral  ligaments.  B,  B,  anterior  fibres  of  superior  costo- 
transverse ligaments  passing  from  each  rib  upwards  and  outwards  to  the  transverse 
process  above  it.  C,  C,  posterior  fibres  of  the  same  passing  from  each  rib  upwards 
and  inwards  to  the  transverse  process  above.  J),  D,  fibres  of  anterior  vertebral 
ligament. 

Fig.  2.  Vertical  section  from  side  to  side  through  the  joints  of  two  ribs  with  the 
vertebral  bodies,  showing  the  shape  of  the  articular  surfaces.  A,  A,  cut  edges  of  upper 
and  lower  parts  of  anterior  costo-vertebral  ligaments.  B,  anterior  fibres  of  superior 
costo-transverse  ligaments.     C,  C,  interarticular  ligaments. 

Fig.  3.  Hind  view  of  three  ribs  and  the  corresponding  transverse  processes  of 
vertebrse.  A,  A,  cut  surfaces  of  bodies  of  vertebrae  seen  obliquely.  B,  B,  spinous 
processes.  C,  C,  C,  transverse  processes.  D,  D,  posterior  fibres  of  superior  costo- 
transverse ligaments.     E,  E,  posterior  costo-transverse  ligaments. 


F/'cf .    /. 


P/y?',te  xxr\^ 


THE   THORAX.  341 

costo-transverse  ^  sjiiovial  cavity,  witli  a  loosc  capsulc,  intervenes 
ligaments.  between  each  rib  and  the  transverse  process  upon  which 
it  rests ;  and  three  Costo-transverse  ligaments  (PL  XXIV.  B^  C,  E) 
connect  each  rib  with  its  transverse  ^process.  Of  these  the  Supe- 
rior passes  to  the  transverse  process  above ;  it  consists  of  an  ante- 
rior and  a  posterior  portion,  the  fibres  of  which  take  different  direc- 
tions, crossing  one  another.  The  fibres  of  the  anterior  portion  [B] 
pass  from  the  prominent  ridge  on  the  upper  edge  of  the  neck  of  the 
rib,  upwards  and  outwards,  to  the  under  edge  of  the  transverse  pro- 
cess. They  prevent  the  head  of  the  rib  from  being  driven  inwards 
and  forwards ;  and,  being  rendered  tight  when  the  shaft  of  the  rib 
is  much  depressed,  they  have  some  influence  in  checking  that  move- 
ment. Moreover,  from  the  obliquity  of  their  direction,  they  limit 
the  rotation  of  the  head  and  neck  of  the  rib  upon  the  vertebra, 
and  so  set  bounds  to  the  elevation  of  the  shaft  of  the  rib.  They, 
therefore,  serve  the  double  purpose  of  restraining  both  the  rising 
and  falling  of  the  ribs  in  inspiration.  The  fibres  of  the  hinder 
portion  ( C)  are  fewer  and  thinner.  They  pass  from  the  hinder  part 
of  the  upper  edge  of  the  rib  upwards  and  inwards  to  the  hinder 
and  lower  edge  of  the  transverse  process.  They  limit  the  descent 
of  the  rib  in  expiration.  The  Posterior  costo-transverse  ligament 
(fig.  3,  E),  strong  and  broad,  passes  from  the  extremity  of  the  trans- 
verse process,  outwards,  with  a  slight  inclination  upwards,  to  the 
roughness  on  the  exterior  of  the  articulating  facet  of  the  rib.  It 
limits  both  the  ascent  and  the  descent  of  the  rib ;  but  the  direction 
of  its  fibres  is  such  as  to  render  it  a  more  effectual  check  upon  the 
former  movement.  The  Middle  costo-transverse  ligament  (PI.  XXV. 
fig.  2,  B)  consists  of  fibres  passing  directly  between  the  transverse 
process  and  the  neck  of  the  rib ;  it  is  not  seen  unless  the  bones  be 
separated  from  one  another,  or  unless  a  section  be  made  through 
them.  It  limits  all  the  movements,  and  prevents  the  ribs  being 
driven  forwards.  In  the  case  of  the  lower  ribs,  where  the  tubercles 
are  deficient  and  the  vertebral  transverse  processes  are  much 
shorter,  these  costo-transverse  ligaments  are  longer  and  weaker, 
and  have  less  restricting  influence  upon  the  movements  of  the 
ribs. 
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.  .  ,  The  ioints  between  the  ribs  and  the  spine  and  between  the 

These  joints  "^  ^ 

rarely  dislocated  cartilages  and  the  sternum  are  very  seldom  the  seat  either 

or  diseased.  f  t  i  •  t  mi-  "      t     t  ^  •        n 

of  dislocation  or  disease.  Their  remarkable  immunity  from 
disease  may  possibly  have  some  relation  to  the  incessant  recurrence  of 
their  movements,  which  is  maintained  throughout  life  in  the  work  of 
respiration ;  probably  it  has  still  more  relation  to  the  limited  range  and 
the  great  regularity  of  these  movements,  and  to  its  being  scarcely  pos- 
sible that  they  should  be  overstrained  by  any  voluntary  or  involuntary 
exertion. 

Intercostal  Noiie   of  the  ribs  lie  in   a  truly  horizontal  plane. 

spaces.  They  are  all  directed,  more  or  less  obliquely,  downwards 

from  the  vertebral  column,  so  that  the  anterior  extremities  are  at 
a  lower  level  than  the  posterior.    This  is  so  even  in  the  case  of  the 


DESCRIPTION  OF  PLATE  XXV. 

Sections  of  first  and  seventh  costo-vertehral  joints  contrasted. 

Fig.  I .  Horizontal  section  through  the  body  of  the  first  dorsal  vertebra  and  the 
joint  with  the  first  rib  on  either  side,  showing  the  transverse  direction  of  the  neck  of 
the  rib,  the  shape  of  the  head  of  the  rib,  and  its  position  on  the  side  of  the  body 
of  the  vertebra.  A,  anterior  costo-vertebral  ligament.  B,  middle  costo-transverse 
ligament. 

Fig.  2.  Horizontal  section  through  the  joints  of  the  7th  ribs  and  the  interverte- 
bral substance  between  the  6th  and  7th  dorsal  vertebrae,  showing  the  oblique  direction 
of  the  neck  of  rib  on  either  side,  the  comparatively  small  antero-posterior  depth  of  the 
head  of  the  rib,  and  the  position  of  the  articular  facet  for  it  upon  the  hach  part  of  the 
body  of  the  vertebra.  A  and  B,  as  in  preceding  figure.  C,  the  spine  and  arch  of  the 
6th  vertebra.     D,  the  ligamentum  sub-flavum.     E,  the  interarticular  ligament. 

Fig.  3.  Vertical  section  from  side  to  side  through  the  bodies  of  the  last  cer- 
vical {A)  and  the  upper  two  dorsal  vertebrae  {B  and  C),  and  through  the  upper 
two  costo-vertebral  joints,  showing  the  slight  depth,  from  above  downwards,  and  the 
rounded  form  of  the  articular  ends  of  the  ribs  {D  and  E),  particularly  of  the  first  rib. 
F,  F,  F,  F,  edges  of  costo-vertebral  ligaments. 

Fig.  4.  Corresponding  section  through  the  7th  costo-vertebral  joint.  The 
middle  of  this  joint,  being  on  a  plane  behind  the  bodies  of  the  vertebrae,  the  saw  has 
passed  through  the  vertebral  arches,  and  exposed  the  vertebral  canal.  The  two  facets 
of  the  rib  on  either  side  are  seen  placed  almost  at  right  angles  ^ath  regard  to  one 
another,   and  are  adapted  to  the  facets  on  the  bodies  of  the  contiguous  vertebrae. 

A,  A,    cut  edges   of  upper   and   lower   parts  of  anterior  costo-vertebral  ligament. 

B,  interarticular  ligament.     C,  the  lower  part  of  6th  rib,  its  upper  edge  and  upper 
articular  facet  have  been  removed  with  the  body  of  the  vertebra  above. 


Flate  XXy. 
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first  rib ;  and  tlie  upper  edge  of  the  sternum  is  accordingly  "below 
the  level  of  the  first  dorsal  vertebra.  The  degree  of  obliquity 
"with  which  the  ribs  descend  from  the  spine  increases  from  the  1st 
to  the  7th.  Hence  the  intercostal  spaces  are  wider  at  the  antero- 
lateral parts  of  the  chest  than  behind ;  and  this  is  more  especially 
the  case  in  the  neighbom-hood  of  the  7th  rib.  Owing  to  the  manner 
in  which  the  costal  cartilages  converge  to  the  sternum  (PI.  XXII. 
fig.  1),  the  intercostal  spaces,  from  the  3rd  to  the  8th  particularly, 
become  quickly  narrower  as  they  approach  the  middle  line  in  front. 
These  spaces  are  accordingly  narrowest  near  the  sternum ;  some  of 
them  are  quite  pointed  there ;  they  gradually  widen  as  they  ap- 
proach the  ribs,  are  widest  between  the  fore  parts  of  the  ribs,  and 
again  become  a  little  contracted  as  we  trace  them  nearer  to  the 
spine. 

It  follows  also  from  the  oblique  direction  of  the  ribs 

Effect  of  oblique  _  ^ 

position  of  ribs  and  the  construction  of  the  costo-vertebral  joints,  that 

in  inspiration.  i         i      n         n     ^         -i  .-,.... 

when  the  shaits  oi  the  ribs  are  raised  m  inspiration,  the 
anterior  extremities  are  brought  more  nearly  to  a  level  with  the 
posterior,  and  the  antero-posterio?-  diameter  of  the  chest  is  thereby 
increased.  This  end  is  still  farther  attained  by  the  sternum  being 
so  connected  with  the  cartilages  of  the  ribs  that  it  is  raised  with 
them,  and  is  carried  forward  at  the  same  time. 

But  the  ribs  are  not  only  slanted  in  the  direction  just  indicated, 
viz.  downwards  and  forwards  from  the  vertebral  column ;  they  are 
oblique  also  in  their  relation  to  a  transverse  plane ;  that  is  to  say, 
their  middle  parts  are,  on  either  side,  placed  at  a  considerably 
lower  level  than  their  points  of  connection  with  the  vertebral 
column  and  the  sternum.  This,  which  results  from  the  curvature 
of  the  ribs  in  a  horizontal  plane  referred  to  at  page  329,  and  from 
the  oblique  descent  of  the  costal  cartilages  from  the  sternum,  is 
most  marked  in  the  middle  of  the  chest,  and  is  scarcely  observable 
in  the  upper  and  lower  ribs.  It  results  from  the  obliquity  in  this 
direction,  that  when  the  ribs  are  raised  the  lateral  diameter  of  the 
chest  is  increased  as  well  as  the  antero-posterior  diameter ;  and  the 
increase  which  takes  place  in  both  diameters  is  proportionate  to  the 
degree  of  the  obliquity  in  the  two  directions  indicated,  and  to  the 
amoimt  of  downward  bend  in  the  ribs  near  their  ansdes.      It  is 
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therefore  but  slight  in  the  highest  and  lowest  parts  of  the  thorax ; 

and  is  greatest  at  the  middle,  or  about  the  7th  rib.     This  accords 

with  the  statement  made  page  333,  that  the  upper  ribs,  in  their 

ascent  and  descent  during  respiration,  revolve  upon  transverse  axes, 

drawn  through  their  heads,  necks,  and  the  intervening  vertebra3 ; 

but  that  the  centres  of  motion  of  the  ribs  nearer  the  iniddle  of 

the  chest  are  antero-posterior  axes,  drawn  from  before  backwards 

through  the  joints  with  the  sternum  and  through  those  with  the 

spine.     It  accords  also  with  what  has  been  said  of  the  differences 

of  shape  of  the  articulating  surfaces  of  both  the  costo-vertebral  and 

of  the  costo-trans verse  joints  in  these  two  parts  of  the  chest. 

The  provision  thus  afforded  for  increasing  the  trans- 
Movement  out-  /-  . 

ward  of  fore  vcrsc  diameter  of  the  middle  part  of  the  thorax,  by 
means  of  the  downward  bend  of  the  ribs  at  their  angles, 
affects  chiefly  the  posterior  half  of  the  chest.  An  additional  pro- 
vision for  increasing  the  transverse  diameter  of  the  anterior  half  of 
the  chest,  is  afforded  by  the  movement  of  the  anterior  extremity  of 
the  ribs  outwards  when  they  are  raised  in  inspiration.  These  are 
not  only  elevated  and  carried  forward,  they  are  also  carried  a  little 
outv7Qxdi&  or  abducted,  and  are  again  drawn  wiwards  or  adducted  in 
expiration.  So  that  it  is  not  correct  to  say  that  a  rib  rotates 
upon  the  chord  or  line  drawn  through  its  two  extremities,  unless 
the  cartilage  be  included  with  the  rib,  and  the  chord  be  drawn 
through  the  projecting  line  dividing  the  articulating  surface  on 
the  head  of  the  rib  and  through  the  terminal  point  of  the  costal 
cartilage. 

Thus,  in  inspiration,  the  antero-posterior  diameter  of  the  chest  is 
increased  by  the  elevation  of  the  fore  parts  of  the  ribs,  so  as  to 
bring  them  more  nearly  to  a  level  with  their  hinder  extremities,  and 
by  the  consequent  projection  of  the  sternum  and  costal  cartilages 
forwards ;  and  the  transverse  diameter  is,  at  the  same  time,  in- 
creased, in  front,  by  the  outward  movement  of  the  anterior  extre- 
mities of  the  ribs,  and,  hehind,  by  the  elevation  of  the  sides  of  the 
ribs.  These  changes  in  the  diameters  of  the  chest  are  effected, 
easily  and  quietly,  by  very  slight  movements  of  the  individual  ribs, 
owing  to  the  skilfid  construction  and  admirable  jointing  of  those 
bones  with  the  spine,  and  of  their  cartilages  with  the  sternum. 
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The  variation  in  the  size  of  the  chest,  by  the  altera- 
increaseofca-  ^OH  of  the  length  both  of  its  antero-posterior  and  trans- 
pacity  of  chest   ygj-ge  diameters  in  the  manner  iust  mentioned,  takes 

IS  gained.  '' 

place  to  the  greatest  extent  where  its  capacity  is  already 
greatest,  where,  accordingly,  the  largest  amount  of  kmg  is  con- 
tained ;  that  is,  about  the  situation  of  the  7th  rib.  This  rib  is  the 
longest,  the  most  obliquely  placed,  and  the  most  bent  downwards 
at  its  angle ;  it  possesses,  therefore,  in  the  greatest  degree,  the 
qualities  for  increasing  the  diameters  of  the  chest  when  it  is  raised 
in  inspiration,  and  it  encircles  the  most  voluminous  part  of  the 
Imig.  The  first  rib,  which  possesses  these  qualities  in  the  least 
degree  and  is  least  moveable,  encircles  the  lung  near  its  apex; 
and  the  ribs  below  the  7th  have  less  and  less  relation  with  the 
lungs  in  proportion  as  they  are  lower  and  shorter,  and,  therefore, 
less  adapted  to  affect  the  capacity  of  the  thorax  by  their  move- 
ments. The  part  of  each  rib  moreover — of  the  ribs  at  least 
between  the  3rd  and  the  8th — which  is  most  oblique,  and  which, 
by  a  given  amomit  of  movement,  causes  the  greatest  alteration  in 
the  size  of  the  chest,  is  the  hinder  portion  of  the  shaft — the  part 
at  and  near  the  angle — ;  and  this  part  is  in  contact  with  the 
thick  hinder  region  of  the  lung,  where  a  gTeater  number  of  air-cells 
and  blood-vessels  are  crowded  together  than  in  any  other  area  of 
equal  size,  and  where,  accordingly,  a  larger  proportion  of  the  work 
of  respiration  is  carried  on. 

The  increase  in  the  capacity  of  the  chest  in  a  vertical 

Increase  of  ca-         _  _  _ 

pa«ty  in  a  ver-  dircctiou  is  cffccted  abovc,  where  the  lung  is  small,  by 
the  elevation  of  the  upper  ribs,  the  flat  sm-faces  of  which 
look  upwards  and  downwards.  Below,  where  the  lung  is  large,  it  is 
effected  by  the  descent  of  the  diaphragm ;  the  convex  upper  sm'face 
of  which  ascends  to  a  considerable  height  into  the  lower  broad  part 
of  the  thorax,  and  acts  in  an  especial  manner  upon  the  inner  con- 
cave parts  of  the  Imigs,  while  the  ribs  affect  chiefly  their  exterior 
convex  surfaces. 

It  may  be  observed  that  the  acute  diseases  of  the  lung  are  most 
frequent  at  the  parts  where  the  changes  in  the  capacity  of  the  thorax  are 
greatest,  viz.  at  the  lower  and  hinder  parts;  and  that  the  chronic  diseases 
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are  more  common  in  the  npper  regions,  where  the  movements  of  the 
thoracic  parietes  are  least  free. 

^„  ,  ,.  ,  The  disposition  of  the  ribs,  with  reference  to  the 

Effect  of  inter-  ^  ' 

costal  muscles    actioii  of  the  intcrcostal  muscles,  is  well  explained  by 

upon  the  move- 
ments of  the       Dr  Hutchinson    in    the    Cyclopedia    of  Anatomy,    Art. 

Thorax.  He  finds  by  experiment  "  that,  although  the 
chest  is  conical,  the  ribs  segments  of  circles,  and  the  spine  mo- 
bile, yet  that  treating  them  as  planes  and  lines  will  not  lead  to 
error."  For  instance,  if  the  rotation  of  parallel  straight  bars  on  a 
rigid  perpendicular  body  (as  in  PI.  XXVI.  fig.  1)  increases  and 
decreases  the  distance  between  them,  it  will  do  so  when  they 
are  curved  like  the  ribs ;  and  the  intercostal  muscles,  acting  as 
forces  between  bars  or  ribs  which  rotate  upon  the  spine,  have  the 
effect  of  inducing  this  rotation,  of  causing  the  anterior  extremities 
of  the  ribs  to  rise  or  fall,  and  so  of  increasing  or  decreasing  the  in- 
tercostal spaces  accordingly. 

The  mode  in  which  this  takes  place,  and  the  share  which  the 
external  and  internal  intercostal  muscles  have,  in  different  parts  of 
their  length,  in  producing  these  movements,  are  illustrated  in  the 
article  just  mentioned  by  a  series  of  diagrams,  from  which  those  in 
Plate  XXVI.  are  taken,  with  some  slight  modifications.  In  fig.  2, 
the  bars  (or  ribs)  AB,  CD  rotate  upon  the  perpendicular  rod  (or 
spine)  EE.  They  are  connected  by  oblique  tensions  (or  intercostal 
fibres),  X  and  y,  representing  respectively  the  external  and  internal 
intercostals.  It  is  found  that  the  action  of  each  such  tension  tends 
to  move  both  bars  or  ribs  toioards  that  fulcrum  which  is  nearest  to 
one  of  its  attachments.  The  effect,  therefore,  of  the  action  of  a?  (the 
external  intercostal  fibres)  will  be  to  elevate  the  bars  towards  A, 
whereas  that  of  the  other  tension  y  (the  internal  intercostal  fibres) 
will  be  to  depress  them  towards  C.  The  position  of  the  bars  at  m 
is  an  exaggerated  representation  of  that  of  the  ribs  in  the  human 
thorax  slanting  obliquely  from  the  spine  doA^mwards  and  forwards. 
It  is  evident  that  the  effect  of  the  contraction  of  the  fibres  x  will 
tend  to  shorten  them,  and,  in  so  doing,  will  raise  the  anterior 
extremities  of  the  bars,  and  will  increase  the  distance  between 
them.  Thus  the  parts  are  so  arranged  that  the  external  intercostal 
fibres,  passing  obliquely  between  the  several  ribs,  have  the  effect  of 
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eleyating  tliem  all,  and,  by  so  doing,  increase  the  intervals  between 
them.  The  maximum  distance  between  the  ribs  is  attained  when 
they  reach  the  horizontal  position ;  and  this  is  the  limit  beyond 
which  they  cannot  be  raised.  It  may  seem  strange  that  a  series  of 
muscular  fibres  passing  from  one  bone  to  another  can,  by  their 
conti-action,  increase  the  distance  between  the  two  bones.  Never- 
theless, such  is  evidently  the  effect  of  the  action  of  the  greater 
number  of  external  intercostal  fibres  upon  the  several  ribs  to  which 
they  are  attached.  The  action  of  the  internal  intercostals,  which 
take  a  different  direction  from  the  fibres  of  the  external  intercostals, 
is  just  the  reverse  of  the  latter.  By  their  contraction  they  tend  to 
depress  the  anterior  extremities  of  the  ribs,  and  to  diminish  the 
intervals  between  them ;  but,  forasmuch  as  they  do  not  extend 
along  the  whole  length  of  the  intercostal  spaces,  being  deficient 
between  the  angles  and  heads  of  the  ribs,  their  influence  is  not  so 
great  as  that  of  the  external  layers. 

It  is  to  be  remembered  that  the  direction  of  the  cos- 

The  reason  that       i  .1  .  .  n  p  mi 

the  external  in-  tal  cartilagcs  is  different  from  that  of  the  ribs ;    they 

tercostals  do  not    1,77  -i  ii  tc  l^     •      c   i  1. 

extend  between  slaut  oac/fcwards  and  downwards  from  their  fulcrum  at 
the  costal  car-    ^^  stcmum  iiistcad  of  dowuAvards  and  /orwards ;  and 

tilages.  «' 

the  effect  of  the  action  of  the  intercostals  between  them 
must  also  be  different.  According  to  the  rules  just  given,  it  is 
evident  that  the  external  intercostals,  if  continued  into  the  spaces 
between  these  cartilages,  would  tend  to  depress  the  anterior  ex- 
tremities of  the  ribs,  and  to  decrease  the  distance  between  them ; 
in  short,  would  just  tend  to  antagonize  the  influence  of  the  fibres  of 
the  same  muscles  which  are  placed  upon  the  ribs.  To  prevent  the 
loss  of  power  which  would  be  thereby  entailed,  these  muscles  stop 
short  at  the  extremities  of  the  ribs,  and  do  not  extend  into  the 
intervals  between  the  cartilages.  Their  office  in  this  situation  is 
supplied  by  the  internal  intercostals  which  here  act  the  part  of 
elevators  of  the  ribs.  It  results,  therefore,  from  the  direction  of  the 
ribs  and  their  cartilages,  that  the  intercostal  fibres  are  all  elevators 
of  the  ribs  and  agents  in  inspiration,  with  the  exception  of  that 
portion  of  the  internal  layer  which  is  situated  between  the  costal 
cartilages  and  the  angles  of  the  ribs. 

This  is  further  illustrated  in  fig.  3.     ^'•hh  represents  the  spine, 
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l)h  the  sternum,  the  bars  aa  the  ribs,  and  the  bars  afa'  the  costal 
cartilages  united  to  the  bars  representing  ribs  by  moveable  joints ; 
r  represents  the  external  intercostals.  These  we  know  act  as  ele- 
vators ;  while  those  at  h,  representing  the  internal  intercostals,  are 
associated  with  them  in  action,  although  they  observe  a  contrary 
direction,  because  they  act  upon  the  fulcrum  hh.  In  fact  they  are  ele- 
vators of  the  levers  representing  the  cartilages."  "  What  now  is  the 
combined  action  of  a  series  of  two  such  tensions  ?  The  whole  body 
of  levers  will  be  raised,  and  the  part  hh  representing  the  sternum 
will  have  two  motions.  It  will  be  raised  and  moved  forwards  into 
the  position  of  h'h'.  This  is  precisely  the  motion  of  the  sternum 
in  deep  inspiration."  "It  will  also  be  seen  that  these  six  bars, 
.  though  moving  equally,"  inasmuch  as  they  differ  in  length  and 
degree  of  obliquity,  "will  produce  an  unequal  effect  upon  the  body 
hh,  forcing  out  the  lower  end  more  than  the  upper  end.  The  ribs 
of  man,  in  the  same  manner,  increase  in  their  length  from  the  1st 
to  the  8th,  and,  therefore,  by  an  equal  mobility,  an  unequal  protru- 
sion of  the  sternum  is  produced,  advancing  the  lower  end  more 
than  the  upper  end.  We  have  reason  to  believe  that  the  mobility 
of  all  the  ribs  is  the  same,  and  that  it  is  by  their  different  lengths 
that  the  different  degrees  of  the  protrusion  of  the  anterior  part  of 
the  thorax  may  be  accounted  for^" 

Thus,  during  inspiration,  the  cavity  of  the  chest  is 

Parts  of  chest  .  .  . 

most  enlarged  enlarged  in  every  direction,  except  that  of  the  spine, 
which  forms  the  fixed  point  or  fulcrum  upon  which  the 
movements  of  the  other  parts  takes  place.  It  is  true  that  a  slight 
change — a  slight  straightening — occurs  even  in  the  spine  during 
deep  inspiration ;  but  this  has  relation,  rather  to  the  placing  the 
ribs  in  a  more  favom'able  position  for  the  expansion  of  the  thorax, 
by  increasing  their  obliquity  with  regard  to  the  spine,  than  to  any 
actual  increase  of  the  cavity  of  the  chest  as  a  direct  effect  of  the 
movement  itself.  The  wall  of  the  chest  immediately  opposite  to 
the  spine — the  sternum — is  that  which,  next  to  the  spine,  is  least 
effected  by  the  movement  of  inspiration ;  and  the  part  of  the  tho- 
racic cavity  intervening  between  these  two,  which  is,  by  far,  the 


1  Cyclopedia  of  Anatomy,  "Thorax,  "p.  1054. 
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shallowest  part,  measuring  only  about  four  inches  from  before  back- 
wards, midergoes  less  change  of  size  than  any  other  in  respiration. 
The  comparative  uniformity  of  this  median  portion  of  the  thorax 
accords  well  with  the  nature  of  its  contents,  which  are  the  heart 
and  great  vessels,  the  absorbent  glands,  the  oesophagus  and  the 
bronchi.  All  the  other  regions  of  the  thorax  above  the  diaphragm 
are  occupied  by  lung,  and  into  the  spongy  tissue  of  the  various 
parts  of  this  organ  the  air  is  sucked  by  the  expansion  of  the  tho- 
racic ca'S'ity  in  every  direction. 

In  the  normal  expansion  of  the  thorax  the  upper 

Order  of  espan-  _  ^  ^ 

siou  of  several  ribs  are  raised  first,  the  others  following  in  quick  suc- 
cession. In  the  female  the  commencement  of  this 
movement  precedes  that  of  the  diaphragm  by  a  very  slight  inter- 
val ;  whereas,  in  the  ordinary  inspiration  of  the  male,  the  latter 
has  a  little  the  precedence.  On  this  account  the  former  has  been 
called  "costal,"  the  latter  "abdominal"  respiration.  In  both  male 
and  female  the  abdominal  type  prevails  in  early  life.  It  gra- 
dually changes  towards  puberty,  when  it  becomes  costal  in  the 
female.  It  again  partakes  more  of  the  abdominal  character  in  old 
age  in  both  sexes. 

Expiration,  ^^^  cxpausiou  of  the  chest,  which  is  the  result  of 

how  effected.  ^  muscular  effort,  is  a  forced  condition ;  forasmuch  as 
the  walls  of  the  thoracic  cavity  and  of  the  abdomen,  and  other 
parts  are,  during  inspiration,  forced  from  that  which  may  be  called 
their  condition  of  rest,  and  are  put  upon  the  stretch.  When  the 
active  effort  of  inspiration  ceases,  they  gradually  return  to  their 
more  natmral  state ;  and  in  so  doing  they  compress  and  partially 
empty  the  lungs,  in  which  they  are  assisted  by  the  elastic  quality 
of  the  pulmonary  tissue.  There  is  no  doubt,  however,  that  the  or- 
dinary movement  of  expiration  is  effected  more  by  the  resiliency  of 
the  thoracic  parietes  than  by  the  contraction  of  the  lung  itself,  and 
that  the  air  is  driven  out  of  the  lung,  in  great  measure,  by  the 
external  pressm'e  gradually  exerted  upon  the  surface  of  the  organ. 
It  is  by  regarding  this  external  pressure  as  the  great  agent  in  expi- 
ration that  we  can  alone  explain  the  protrusion  of  the  lung  which 
we  sometimes  see  taking  place  through  a  wound  in  the  thoracic 
parietes,    or   the  occurrence   of  emphysema   of  the   subcutaneous 
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cellular  tissue  consequent  on  a  wound  of  the  lung  from  fracture  of  a 
rib,  while  tlie  ordinary  respiratory  sounds  may  be  heard  throughout 
the  affected  lung.  The  latter  I  have  repeatedly  observed;  and  in 
one  case  of  extensive  wound,  through  an  intercostal  space  where  the 
lung  was  uninjured,  I  was  much  struck  with  the  manner  in  which 
the  lung  protruded,  and  continued  to  do  so  after  I  had  returned  it, 
even  after  I  had  stitched  up  the  wounds 

Not  only  does  the  resiliency  of  the  thoracic  parietes 

Mode  of  effecting  ''  _  -^    _   _  ^ 

artificial  respi-  rcstorc  them  to  the  ordinary  condition  of  expiration  when 
they  have  ceased  to  be  influenced  by  the  contraction  of 
the  inspiratory  muscles.  It  will  do  the  same  if  by  any  means,  such 
as  the  pressure  of  the  hands  upon  the  chest,  a  preternaturallyyorce^ 
state  of  ex'piration  be  induced.  In  this  way  artificial  respiration  may 
readily  be  maintained,  without  any  apparatus  or  difficulty,  by  simply 
squeezing  the  fore  and  lower  part  of  the  chest  between  the  hands,  so 
as  to  drive  out  the  air  and  effect  a  forced  state  of  expiration ;  and 
then  removing  the  hands,  when  the  chest  will  expand  and  air  will 
re-enter.  The  proceeding  may  be  repeated  as  long  as  necessary. 
In  children,  especially,  where  the  walls  of  the  chest  are  flexible 
and  elastic,  this  jDlan  will  often  answer  well :  I  am  sure  that  I  have 
more  than  once  saved  life  by  resorting  to  it  ^. 

The  following  are  the  more  important  mean  mea- 

Size  and  vital 

capacity  of        surcments  of  the  thorax  taken  from  fourteen  males  and 
six  females  by  Dr  Hutchinson : 

Males.  Females. 

32  inches    24  inches 


15  13 

15  13 

6.5  6 


Maximum  internal  circumference 
Internal  circumference  of  right  half 

Do.  left  half      . 

Greatest  depth  from  before,  backwards 
Distance  between  sternum  and  bodies  of  dorsal 
vertebrae       ...... 

Greatest  breadth  of  cavity    .... 

Internal  superficies  of  costal  walls  of  thorax  . 

Depth  from  apex  to  arch  of  diaphragm,  right  side       7  in.  7  in. 

Do.                                   left  side       9  8 

Vital  capacity •zoscub.  in.  187  cub.  in. 


sq.  m.  212  sq.  m. 


^  The  force  required  to  overcome  this  costal  elasticity  for  the  insufflation  of  200 
cubic  inches  of  air  is  estimated  by  Dr  Hutchinson  as  equal  to  450  lbs. 

^  Dr  Marshall  Hall's  method  of  imitating  respiration  in  cases  of  asphyxia,  con- 
sists in  repeatedly  "turning  the  body  gently  but  completely  om  the  side  and  a  little 
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He  olbserves  tliat  ''  a  certain  rule  of  relation  must  necessarily 
exist  between  tlie  size  of  a  man  and  the  dimensions  of  his  thoracic 
cavity.  A  man  seven  feet  high  will  have  a  larger  chest  than  one 
five  or  six  feet  high.  But  there  is  no  constant  and  uniform  relation 
of  the  size  of  the  chest,  either  to  the  height  or  weight  of  the  body. 
The  function  of  the  chest,  however,  as  indicated  by  the  quantity  of 
air  which  we  can  expel,  is  in  strict  relation  to  the  minute  difference 
of  a  single  inch  of  stature,  or  to  lOlbs.  of  weight."  "A  man 
5  feet  4  inches  high  measured  from  the  apex  of  the  chest  to  the 
base  10^  inches,  whilst  a  man  of  5  feet  10  inches  only  measm-ed 
7|-  inches  in  the  same  direction,  or  the  shorter  man  exceeded  the 
taller  by  3  inches  in  the  perpendicular  depth  of  his  thoracic  cavity" 
(the  transverse  measurement  is  not  given) ;  "  but  the  taller  man 
could  exceed  the  shorter  by  a  volume  of  77  cubic  inches  of  air  at 
one  deep  expiration.  In  fact  the  whole  of  the  internal  measure- 
ments (cubic  or  diametric)  clearly  bear  no  relation  to  the  height  or 
weight  of  the  man,  whilst  vital  capacity  does  so  in  an  exact  ratio." 
The  walls  of  the  thorax  are  developed  in  the  vis- 

Development. 

ceral  plates  of  the  embryo,  which,  passing  over  the 
sides,  unite  in  the  median  line  in  front.  The  union  takes  place 
first  at  the  upper  part  where  the  manubrium  sterni  is  formed,  and 
progTesses  downwards  towards  the  abdomen.  Throughout  fcetal 
life  the  thorax  is  of  small  size  in  comparison  with  the  rest  of  the 
foetus,  and  particularly  in  comparison  with  that  of  the  abdomen, 
which  accords  with  the  relation  in  size  between  the  Irnigs  and  the 
liver  at  this  time.  Its  antero-posterior  measurement  also  exceeds 
the  transverse;  the  ribs  are  but  little  bent  at  their  angles,  and 
proceed  almost  directly  forwards  and  downwards  from  the  spine. 
chan<'es  after  Immediately  after  birth  the  chest   undergoes  con- 

birth.  siderable  lateral  expansion ;    it,   as  well   as   the   other 

organs  concerned  in  respiration,  having  been  already  fitted  for  the 
entirely  novel  conditions  in  which  they  are  now  suddenly  placed, 
by   the   marvellous    preparatory   workings    of   the    developmental 


beyond   (when  mspiration  will  occur)  and  then  on  the  face,  making  gentle  pressure 
along  the  back  (when  earpiration  will  take  place)  alternately,"  Lancet,  August  2,  1856. 
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processes.  Subsequently  a  progressive  increase  in  the  size  of  the 
thorax  goes  on  through  the  whole  period  of  life;  which  is  attended 
with  some  alteration  in  shape.  The  transverse  diameter  gradually 
gains  more  and  more  upon  the  antero-posterior;  the  difference 
between  the  two  being  greatest  in  the  old  man.  These  changes 
are  effected,  till,  and  for  some  time  after,  adolescence,  by  the 
growth  of  the  several  components  of  the  walls  of  the  thorax,  and 
by  the  bolder  sweep  which  the  ribs  take  at  their  angles,  as  well  as 
by  the  diminished  obliquity  with  which  they  pass  from  the  spine. 

In  the  chest  of  the  child  the  hollow  formed  by  the  curve  of  the 
ribs  on  either  side  of  the  spine  is  comparatively  shallow,  and  the 
dorsal  spinous  processes  project  on  the  posterior  aspect  beyond  the 
level  of  the  ribs.  In  the  adult  this  hollow  beside  the  spine  is 
much  deepened,  the  ribs  and  the  transverse  processes  being  inclined 
backwards  from  the  bodies  of  the  vertebrae  in  a  more  marked 
manner;  so  that  the  convex  posterior  surface  of  the  ribs  is  on 
a  level  with,  or  even  projects  beyond,  the  spinous  processes. 
Moreover  the  bend  in  the  ribs  downwards  from  their  heads  is  more 
decided  in  the  adult  than  in  the  child. 

Eniarc-ement  of  '^^^®  clicst  uot  Only  groios  larger  and  undergoes  the 
chest:  change  of  (ji^g^j^g-gg  q£  gj^ape  iust  mentioned,  during;  the  approach 

shape  attended  '='  ^       "^  _        '  °  ^'- 

with  lessening  to  adolcscence ;  it  also  acquires  more  the  shape  and 
'conditions  which  it  has  during  inspiration.  After  the 
adult  period  the  walls  of  the  thorax  cease  to  grow.  Nevertheless, 
the  chest  commonly  gets  larger,  broader  and  rounder.  This  is 
effected  by  a  diminution  of  the  obliquity  of  the  ribs,  by  a  nearer 
approach,  that  is,  to  the  condition  of  inspiration  in  the  position  of 
the  ribs  and  the  sternum;  there  is  also  a  greater  depth  of  the  ver- 
tebral curve  in  the  back.  So  that  although  the  actual  capacity 
of  the  chest  thus  becomes  greater,  yet  the  mobility  of  its  parietes 
and  its  vital  capacity,  as  measured  by  the  amount  of  air  it  is  able 
to  admit  and  expel,  are  diminished^     Indeed  it  may  be  stated  as 


^  This  accords  with  the  result  of  observations  made  by  Dr  Hutchinson  in  a  great 
number  of  cases;  viz.  that  the  vital  capacity  of  the  chest  increases  a  httle  fi'om  15  to 
30  years  of  age,  after  which  it  undergoes  a  gradually  progressive  diminution ;  and  this 
in  verse  sort  of  relationship  between  the  actual  and  the  vital  capacity  of  the  thorax  may 
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a  general  rule  that  the  respiratory  capacities  of  the  chest  decrease 
in  proportion  as  its  cavity  is  enlarged,  when  that  increase  of  size 
results  from  other  causes  than  growth.  During  all  this  time  the 
size  of  the  lungs  is  increasing  ijari  passu  with  that  of  the  thorax ; 
and  the  change  after  adolescence  is  attended  with,  perhaps  is  a 
consequence  of,  a  loss  of  elasticity  and  strength  in  the  pulmonary 
tissue,  which  leads  to  a  dilatation  of  the  air-cells,  and  to  a  still 
further  diminution  of  the  \atal  capacity  of  the  thorax.  A  more 
or  less  marked  condition  of  the  same  change  in  the  structure  of 
the  lungs  occm'S  sometimes  in  the  earlier  periods  of  life,  and  is 
attended,  in  some  instances,  with  a  fatty  degeneration  and  a  giving 
way  of  the  walls  of  the  air-cells,  constituting  what  is  called  emphy- 
sema. In  this  disease  the  lungs  acquire  a  preternatural  size;  and, 
to  accommodate  them,  the  thoracic  walls  are  maintained  in  a  per- 
manent state  of  inspiration,  leading  to  that  round,  "  barrel-shaped" 
configuration  of  the  chest  which  is  a  well-known  feature  of  the 
malady.  The  respiratory  powers  are  proportionately  diminished; 
and  the  patient  is  short-breathed  and  has  difficulty  in  expelling 
the  mucus  that  collects  in  his  air-tubes. 

Thus,  at  the  difierent  periods  of  life  and  in  the 
eiastidtv  of  ^"^^  vaiious  couditious  of  health  and  disease,  a  pretty  exact 
lungs  and  size      I'elation  is  maintained   between   the   elasticity   of  the 

of  chest.  "^ 

lungs  and  the  mobility  or  vital  capacity  of  the  thorax. 
Where  the  chest  is  preternaturally  round  we  know  that  the  obli- 
quity of  the  ribs  and,  consequently,  their  mobility  is  diminished; 
and  we  may  infer,  with  tolerable  certainty,  that  the  elastic  or 
contractile  power  of  the  lungs  is  impaired,  that  the  air-tubes  and 
air-cells  are  more  or  less  dilated,  and  that  the  patient  is  short- 
breathed  and  liable  to  bronchitis  and  accumulation  of  mucus  in 
the  bronchial  passages. 


explain  the  results  obtained  by  M.  Woillez,  which  seem  at  first  so  improbable,  viz.  that 
trades  requiring  but  little  muscular  exertion  of  any  kind  are  more  favourable  to  the 
development  of  the  chest  than  those  which  bring  the  upper  extremities  into  constant 
a,nd  severe  action.  It  may  be,  that  under  the  foimer  circumstances  that  conformation 
of  the  chest  is  retained  which  is  adapted  to  carry  on  the  respiratory  processes  with  the 
greatest  efficiency,  though  the  size  of  the  chest  is  not  so  much  increased. 
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The  lower  margin  of  the  thorax  forms  the  circum- 

Influence  of  _  _  ° 

movement  of  fereiitial  line  of  attachment  of  the  diaphragm.  It  is 
thorax  upon  Very  important  that  it  should  be  well  thrown  out  to 
diaphragm.  permit  the  perfect  action  of  that  muscle,  as  M'^ell  as  to 
afford  space  for  the  lungs.  The  manner  in  which  it  is  widened 
during  inspiration  tends  in  some  measure  to  distance  the  points  of 
attachment  of  the  muscular  fibres  of  the  diaphragm,  and  so  to 
promote  their  efficiency.  At  any  rate,  this  makes  amends  for  any 
loss  of  power  which  may  be  sustained  by  that  muscle  owing  to  the 
elevation  of  the  lower  edge  of  the  thorax  in  inspiration.  Probably 
the  gain  to  the  musdle  by  the  expansion  of  this  part  of  the  chest 
is  about  equal  to  the  loss  sustained  by  its  elevation. 

It  must  be  remarked,  however,  that  a  great  effort  is  re- 
Laterai  depres-   q^i];.ed  on  the  pai't  of  the  forces  of  development  and  of  the 

sion  of  thorax  ;     ■*■ 

inspiratory  muscles  to  establish  and  maintain  the  natural 
prominence  of  the  lower  edge  of  the  chest ;  more  especially  of  that  part 
of  the  lower  edge  which  is  formed  by  the  sixth  costal  cartilage  and 
the  four  next  below  it.  Upon  this  part,  which  is  most  distant  from 
the  fulcrum,  or  spine,  the  expanding  forces  act  with  the  greatest 
disadvantage  of  leverage ;  and  they  are  not  always  able  to  resist  the 
suction  influence  of  the  inspiratory  muscles  acting  upon  other  parts  of 
the  thorax,  as  well  as  the  direct  tendency  of  the  diaphragm  to  draw 
these  cartilages  inwards.  Hence  we  so  often  find  in  feeble  and  rickety 
children,  more  particularly  v/hen  there  is  any  obstruction  to  the  entrance 
of  the  air  into  the  lungs',  that  this  region  of  the  chest,  and  the  extremi- 
ties of  the  ribs  on  either  side,  ai'e  drawn  inwards,  or  depressed,  while 
the  sternum  projects  forwards,  and  the  costal  cartilages  are  more  or 
less  incurved,  constituting  the  malformation  called  "pigeon-breast;" 
and  in  the  worst  cases  of  the  kind,  where  the  lateral  diameter  of  the 
thorax  is  considerably  diminished,  and  the  antero-posterior  diameter  is 
augmented,  the  movements  of  this  part  of  the  chest  in  respiration 
are  just  the  reverse  of  what  is  natural:  it  is  drawn  in  during  in- 
spix'ation,  and  expands  in  expiration.    The  whole  force  of  the  inspiratory 


^  Dupuytren  found  the  "lateral  depression  of  the  Avails  of  the  thorax"  sometimes 
associated  with  enlargement  of  the  tonsils,  which  caused  difficulty  of  breathing,  and 
relief  was  afforded  by  their  excision. 
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muscles  seems  to  be  expended  in  dilating  tlie  uppei'  and  posterior 
regions  of  the  thorax,  and  exerts  little  or  no  expansive  influence 
upon  this  lower  and  anterior  wall,  which,  instead  of  affording  a  proper 
point  cVappui  to  the  diaphragm,  is  pnlled  inwards  by  each  contraction  of 
that  muscle,  and  by  the  suction  caused  by  the  efforts  at  inspiration. 
The  energies  of  the  diaphragm  are  thus  injuriously  diverted  to  the  effect 
of  narrowing  the  chest  and  diminishing  the  capacity  of  the  thoracic 
cavitj^,  instead  of  enlarging  it  in  a  vertical  direction;  the  abdominal 
organs  are  scarcely  at  all  depressed  by  its  contraction ;  and  the  breathing 
is  seriously,  it  may  be  fatally,  embarrassed  \  In  one  feeble  child,  where 
the  malformation  proved  fatal  at  the  age  of  14  months,  I  found  the  ribs 
much  bent  inwards  at  their  junction  with  the  cartilages,  and  thickened 
so  as  to  form  considerable  projections  into'  the  cavity  of  the  thorax. 
Other  children  of  the  same  parents  were  affected  in  a  similar  manner. 
In  each  the  deformity  was  first  observed  about  the  6th  month  after 
birth,  and  was  thought  to  have  been  caused  by  an  attack  of  bronchitis, 
with  difScult  breathing. 

In  old  age,  more  particularly  where  the  bones  are  the 

occasionally 

takes  place  in  Subject  of  moUities,  the  chest  sometimes  collapses  into  the 
°    ^°^'  condition  of  "  lateral  depression,"  forming  a  marked  contrast 

with  the  rotundity  of  the  thorax,  which  I  have  stated  (p.  352)  to  be  the 
m.ore  common  configuration  at  that  period  of  life. 

An  elongation  and  narrowing  of  the  chest  from  paralysis  of  the 
intercostal  muscles  has  been  described  by  Engel,  and  named  by  him  the 
paralytic  thorax". 

I  have  sometimes  seen  the  sternum,  more  especially  its 
Depression  of     ^jppgj.    part,    preter naturally    depressed,    instead    of    being 
thrown  foi-ward  as  in  the  "  pigeon-breast,"  causing  shallow- 
ness of  the  chest,  or  diminution  of  the  antero-posterior  diameter,  and 


^  This  lateral  depression  of  the  thoracic  walls  may  be  partly  owing  to  a  want  of 
power  in  the  pectorales  and  serrati  magni  muscles,  which  assist  in  raising  the  fore 
parts  of  the  ribs  and  in  increasing  the  transverse  diameter  of  the  thorax.  But  that  it  is 
not  a  necessary  consequence  of  such  imperfection  in  those  muscles  is  proved  by  the 
shape  of  the  che.st  having  been  natural  in  certain  cases  in  which  they  were  congenitally 
deficient  or  imperfect.  Two  instp.nces  of  the  kind  were  related  by  Dr  Paget  at  the 
Cambridge  Philosophical  Society,  March  8,  1858.  In  the  frequent  persistence  of  this 
conformation  we  recognize  another  insta.nce  of  the  difficulty  which  is  experienced  in 
shaking  off  the  foetal  and  animal  type  when  the  developmental  forces  are  weak. 

2  Oesterr.  Jahrh.  April,  1841. 
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increase  of  the  lateral  diameter.  Under  these  circumstances  the  manu- 
brium does  not  afford  a  proper  support  to  the  clavicles ;  the  shoulders 
hang  forwards,  and  the  upper  extremities  are  deficient  in  strength, 
partly  by  reason  of  the  deformity  of  the  chest,  and  partly  by  reason  of 
a  weakness  of  the  muscles  with  which  that  deformity  is  always  asso- 
ciated. There  has  been  no  evidence  of  unusual  predisposition  to 
phthisis  in  those  instances  that  I  have  seen. 

It  is  interesting  also  to  observe  the  changes  in  the  shape 
ant  on  lateral     ^^  ^^^  thorax  wliich  are  attendant  on  lateral  and  angular 

curvature  of       curvature  of  the  spine, 
spine ; 

In  the  former  of  these  afiections  it  has  been  remarked 
(p.  171)  that,  in  addition  to  other  changes,  the  vertebrae  are  rotated  upon 
their  vertical  axes,  so  that  their  bodies  are  turned  towards  the  con- 
vexity of  the  ciu've.  This  gives  a  twist  to  the  whole  thorax ;  for  the 
transverse  processes  on  the  concave  side  of  the  curve  being  turned  for- 
wards, the  ribs  of  that  side  are  advanced  with  them,  and  run  nearly 
straight  forwards,  projecting  their  costal  cartilages  and  the  correspond- 
ing side  of  the  sternum  on  the  anterior  aspect  of  the  chest.  Whereas, 
on  the  other  or  convex  side  of  the  spinal  curve,  the  transverse  processes 
and  the  ribs  are  at  first  directed  more  backwards  than  natural ;  then  the 
,    .  ribs  make  a  sudden  very  sharp   bend   at,   or  near,   their 

the  anterior  j  i.  ?  3 

surface  of  chest    angles,  by  whicli  they  are  enabled  to  advance  forwards  and 

oblique,  and  the  ' 

transverse  dia-  to  run  parallel,  or  nearly  so,  with  those  of  the  opposite  side. 
meter  lessened;  -g^^  they  Cannot  of  course  reach  so  far.  Accordingly  the 
fore  part  of  the  chest  is  oblique ;  and  the  side  of  the  sternum  and  the 
costal  cartilages  on  the  concave  side  of  the  dorsal  curve  are  in  advance  of 
the  corresponding  parts  of  the  other  side.  I  have  seen  the  flexure  of  the 
ribs  on  the  convex  side  of  the  curve  so  sharp  as  to  bring  their  shafts 
into  contact  with  the  twisted  bodies  of  the  vertebrse.  Other  results  of 
this  disposition  of  the  ribs  are  a  diminution  of  the  transverse,  an  in- 
crease of  the  antero-posterior  diameter  of  the  thorax,  and  more  or  less 
inequality  of  size  in  the  two  sides  of  the  thoracic  cavity  ;  some  impair- 
ment of  the  respiratory  functions  is  a  necessary  consequence  of  these 
changes. 

,    .  Such  obliquity  in  the  fore  part  of  the  thorax,  and  altera- 

or  the  anterior  i.       ^  x  ' 

surface  flat,  and   tion   in    the   diameters  of  the  cavity,   are  not,   however, 

tlie  transverse  .        ,  . 

diameter  in-  uniform  attendants  on  the  changes  m  the  spine  that  take 
creased.  place  in  lateral  curvature.     There  are  some  instances   in 

which  the  anterior  surface  of  the  sternum  and  costal  cartilages  remains 
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flat,  and  in  wliicli  the  fore  part  of  tlie  chest  is  approximated  to 
the  spine,  instead  of  being  distanced  from  it,  and  the  transverse  dia- 
meter is  increased,  instead  of  the  antero-posteiior.  This  peculiarity 
of  shape  is  caused  by  the  ribs  on  the  concave  side  of  the  spinal  curve 
being  bent  a  little  backwards  after  they  are  clear  of  the  transverse 
processes,  or  by  the  latter  being  bent  backwards  together  with  the  ribs; 
so  that  the  ribs  on  this  side  are,  in  their  whole  course,  brought 
m.ore  into  correspondence  with  their  fellows  on  the  convex  side,  and, 
like  them,  fail  to  reach  the  natural  distance  in  front  of  the  spine.  I 
cannot  tell  Avhy  the  twisted  and  transversely  nai-rowed  thorax,  in  some 
cases,  and  the  flat  widened  thorax,  in  others,  should  be  the  conco- 
mitant of  lateral  ciu'vature  of  the  spine.  Some  cases  that  I  have 
examined  rather  favour  the  supposition,  that  the  latter  conformation  is 
present  in  those  cases  where  the  spinal  deformity  took  place  in  child- 
hood, while  the  formative  and  adaptive  powers  of  the  skeleton  were  in 
full  vigour;  and  that  the  former  is  the  attendant  upoii  the  curva- 
tures which  take  place  at  a  later  period.  I  am  not,  however,  sure  that 
this  rule  holds  good  uniformly,  or  even  ustially. 

Fusion  of  the  ^^  Severe  and  long-standing  cases  the  ribs  on  the  con- 

"^s-  cave  side,  as  well  as  the  transverse  processes  and  the  arches 

of  the  vertebrse,  become  fused  together,  forming  a  broad  osseous  plate, 
which  is  perforated  by  holes  for  the  transmission  of  the  nerves.  Such  a 
condition  would,  I  need  scarcely  say,  entirely  preclude  the  possibility  of 
success  attending  upon  any  curative  treatment. 

In  angular  curvature  the  upper  part  of  the  spine  is 

Changes  attend-  "^  .  . 

ant  on  angular  brought  more  nearly  to  a  right  angle  with  the  ribs;  and  the 
obliquity  with  which  these  descend  from  their  resjoective 
vertebrse  is  diminished,  and  their  range  of  movement  is  proportionately 
lessened.  They  do  not  take  so  wide  a  sweep  outwards  as  usual,  but 
run  more  straight  forwards;  hence  the  lateral  diameter  of  the  thorax  is 
diminished,  and  the  antero-posterior  diameter  is  increased. 

The   number   of  the   ribs   is  subject    to   some  variety. 

Varieties. 

Now  and  then  the  12th  rib  is  absent,  or  is  very  small  ^;  and 
occasionally  there  is  a  13th  rib  on  one  or  both  sides,  more  frequently 
on  both.  There  is,  for  the  most  part,  in  company  with  those  peculiari- 
ties,  a  deficient  or   excessive  number  of  dorsal  vertebrse.     Not  unfre- 


^  In  examples  of  acephalous  monstrosity  and  in  spina  bifida,  a  greater  number  are 
often  wanting.  In  one  of  the  former  Meckel,  Handbuch  der  Path.  Anat.  i.  201,  found 
only  eight  dorsal  vertebrse  and  as  many  ribs. 
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quently,  as  has  been  already  mentioned  (p.  127),  a  rib  is  developed  upon 
the  7  th  cervical  vertebra.  The  extremity  of  this  supernumerary  rib  is 
either  free  or  connected  with  a  process  grov.dng  from  the  iipper  surface 
of  the  1st  true  rib.  I  have  not  seen  an  instance  in  which  it  reached 
the  sternum,  though  this  is  stated  occasionally  to  be  the  case^  The 
process  just  mentioned  may  exist,  although  the  supernumerary  rib  be 
not  present,  and  may  form  a  sort  of  exostosis,  and  this,  by  throwing 
the  subclavian  artery  upward,  has  been  known  to  give  rise  to  a  suspicion 
of  aneui'ism.  Exostoses  may  also  grow  from  other  parts  of  the  libs. 
Sometimes  they  present  the  form  of  slender  processes  jutting  down- 
wards and  backwards,  and  resembling  the  appendages  to  the  ribs  in 
birds.  One  process  growing  downwards  from  a  rib  may  unite  with 
another  growing  upwards  from  the  rib  below,  so  joining  the  two  ribs 
together  in  a  moi'e  or  less  complete  manner;  and  it  is  no  uncommon 
thing  to  find  two  ribs  thus  united  together  by  a  more  or  less  broad 
plate  of  bone  extending  between  them  throiigh  the  intercostal  spaced 
This  is  usually  near  their  junction  with  the  spine.  The  extension  of 
the  thorax  downwards  by  means  of  additional  ribs  reminds  us  of  the 
manner  in  which  the  thorax  is  prolonged  towards  the  pelvis  in  most 
mammals  ;  and  the  occasional  presence  of  cervical  ribs  reminds  us  of 
those  parts  in  birds.  Now  and  then  a  rib  is  too  short,  and,  failing  to 
reach  the  sternum,  terminates  in  a  pointed  cartilage,  like  a  floating  rib. 
This  is  said  sometimes  to  be  the  case  with  the  1st  rib,  as  well  as  with 
those  lower  down.  Two  ribs  may  unite  to  one  cartilage ;  or,  on  the 
other  hand,  a  rib  may  bifurcate  towards  its  anterior  extremity  and  be 
joined  to  the  sternum  by  means  of  two  separate  cartilages.  Now  and 
then  a  supernumerary  cartilage  projects  from  some  part  of  the  side  of 
the  sternum,  usually  between  the  3rd  and  4  th  costal  cartilages,  and  is 
lost  among  the  muscles,   not  being  connected  with  any  rib^ 

In  a  specimen  of  rickety  foetus  in  the  Dupuytren  Museum,  the  ribs 
are  short  and  thick,  and  the  cartilages  are  long;  the  same  condition  was 
found  in  the  deformed  skeleton  of  a  child  described  by  E,athke*. 


^  When  a  cervical  rib  is  present  the  head  of  the  first  true  rib  is  often  articulated 
•with  the  body  of  the  seventh  cervical  vertebra,  as  well  as  with  that  of  the  first  dorsal 
and  with  the  intervertebral  substance. 

2  Sandifort,  Musetim  Anat.  Tab.  XLVIII.  and  XLIX. 

3  Blandin,  Anatomie,  i.  55.  *  Miiller's  Archiv,  vil,  486. 
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THE  CLAVICLE 

inwhatani-  stvetchmg  traiisverselj  outwards  from  the  sternum  to 
Dials  present  ^|^g  acromioEL  pi'ocess  of  the  scapula  forms  a  support 
to  the  shoulder;  its  chief  office  is  to  keep  the  shoulder  steady 
and  to  aiiord  a  fulcrum  by  which  the  muscles  are  enabled  to 
give  lateral  movement  to  the  arm.  Accordingly  it  is  absent  in 
those  animals  in  which  the  movement  of  the  fore  limbs  is  only 
of  the  to-and-fro  kind,  and  in  which  the  limbs  are  hoofed  and 
used  only  in  progression,  as  in  Pachydermata,  Euminantia,  Solid- 
ungula,  and  some  Carnivora,  It  is  present  in  all  Quadrumana 
and  in  most  of  the  Eodentia  in  which  the  anterior  extremities 
are  unguiculated  and  used  in  prehension,  as  the  rat,  squirrel, 
beaver,  and  rabbit ;  also  in  Cheiropterous  and  Insectivorous  ani- 
mals, as  the  bat,  mole,  and  hedgehog.  It  is  present  in  many 
of  the  Edentata,  as  the  ant-eater,  the  armadillo,  and  the  megathe- 
rium. In  the  latter  animal,  however,  it  is  united  to  the  first  rib 
instead  of  to  the  sternum.  In  Marsupials  the  clavicles  are  present, 
with  few  exceptions,  and  are  of  considerable  strength.  In  Mo- 
notremes  they  are  connected  with  a  separate  bone  at  the  upper  end 
of  the  sternum  called  the  "episternal  bone."  In  a  large  section  of 
Carnivora,  including  the  bear,  dog,  and  cat,  the  clavicle  is  either 
absent,  or  present  only  in  the  rudimentary  form  of  a  small  bone 
suspended  among  the  muscles,  and  not  connected  either  with  the 
sternum  or  with  the  scapula.  In  Birds,  where  great  resistance  is  re- 
quired to  counteract  the  tendency  of  the  powerful  pectoral  muscles 
to  approximate  the  shoulders,  the  clavicles  are  of  large  size,  and,  in 
most  instances,  are  united  together  at  an  angle  in  the  median  line. 
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above  tlie  sternum,  forming  wliat  is  called  the  "  furculum ;"  and  a 
still  more  efficient  support  to  the  extremity  is  afforded  by  an  exten- 
sion of  the  coracoid  process  of  the  scapula  into  a  broad  thick  bone, 
called  the  "coracoid  bone,"  which  reaches  as  far  as  the  sternum. 
In  Reptiles  the  broad  "coracoid  bone"  constitutes  the  main,  or 
the  sole,  support  of  the  scapula;  for  in  some  only  is  the  clavicle 
present. 

Its  curved  ^^^^  claviclc  presents  in  its  Sigmoid  shape  a  good 

form.  illustration  of  the  tendency  to  a  curved  form  in  the  long 

bones.  By  this  form  a  more  extensive  surface  is  afforded  for  the 
attachment  of  muscles ;  and  they  are  by  it  enabled  to  act  upon  the 
bone  with  somewhat  greater  advantage  of  leverage.  The  bone  is  less 
liable  to  be  fractured,  because  the  forces  which  impinge  upon  it  are 
diffused  from  point  to  point  over  a  greater  space,  and  are  rendered 
less  injurious  at  the  place  of  contact;  and  the  jar  resulting  from 
blows  received  at  the  extremities  is  also  somewhat  broken  by  the 
additional  elasticity  which  the  curved  shape  imparts.  The  curve 
at  tlie  sternal  end,  which  has  its  convexity  in  front,  occupies  two- 
thirds  of  the  length  of  the  bone,  and  is  a  segment  of  a  considerably 
larger  circle  than  the  sharper  shorter  curve  at  the  scapular  end. 
To  obviate  the  inequality  of  strength  in  the  two  parts  of  the 
clavicle  that  would  be  entailed  by  this  difference  in  the  degree  of 
their  curvature,  the  outer  third  is  widened  in  the  direction  of  the 
curve  by  being  flattened  from  above  downwards,  whereas  in  the 
inner  two-thirds  the  bone  is  nearly  cylindrical.  The  result  is  that 
the  portions  forming  the  outer  and  inner  curvatures  are  nearly  of 
equal  strength.  The  point  at  which  it  most  frequently  gives  way, 
in  consequence  of  falls  upon  the  shoulder,  is  a  little  external  to  the 
middle,  where  the  inner  curve  is  beginning  to  pass  into  the  outer; 
and  where,  as  is  usually  the  case  at  the  points  of  confluence  of 
the  curvatures  in  the  shafts  of  bones,  the  clavicle  is  smaller 
than  in  other  parts.  The  curves  are,  as  a  general  rule,  most 
marked  in  the  strongest  persons,  and  more  marked  in  men  than 
in  women ;  this  is  observable  in  both  the  curves,  though  more 
particularly  in  the  outer  one.  In  women  the  clavicle  lies  nearly 
horizontally.  In  men  it  is  inclined  downwards  to  the  sternum, 
which  makes  the  latter  somewhat  high-shouldered.     Notwithstand- 
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ing  its  sliarpcr  curvatures  in  men,  it  is  a  little  longer  in  tliem  than 
in  women. 

On  tlie  under  side  of  the  bone,  where  it  is  most  com- 

Nutritious  hole. 

pact,  i.e.  a  little  external  to  the  middle,  is  the  Hole  for 
the  nutritious  artery.  It  slants  away  from  the  sternal  end,  so  con- 
forming to  the  general  rule  (p.  24),  inasmuch  as  there  is  no  epi- 
physis developed  at  the  acromial  extremity.  It  is  often  very  small. 
In  the  examination  of  numerous  specimens  Cruveilhier  could  dis- 
cover no  trace  of  it. 

Relation  of  sub-  '^^^®  claviclc  covcrs  and  protects  the  subclavian  ves- 
ciavian  vessels,  ggjg  r^j^(-"[  ncrvcs,  and  is  our  guide  to  them  when  we 
wish  to  compress  or  tie  the  artery.  The  latter  will  be  found  cross- 
ing over  the  first  rib,  just  behind  the  narrow  smooth  part  of  the 
clavicle,  where  the  inner  curve  is  beginning  to  pass  into  the 
outer.  The  clavicle  cannot  be  dragged  down  so  as  to  compress  the 
vessels  and  nerves  against  the  rib ;  and  I  have  not  met  with  any 
recorded  instance  in  which  either  of  them  were  penetrated  or 
seriously  injured  by  the  projection  of  the  broken  fragments  in  frac- 
ture of  the  bone. 

Ossification  of  the  clavicle  takes  place  very  early, 

commencing  at  the  middle,  or  near  the  situation  of  the 
nutritious  artery,  as  early  as  the  30th  day,  according  to  Bcclard. 
Meckel  says  that,  at  the  6th  week  the  osseous  portion  is  three 
lines  long,  being  longer  than  that  of  either  the  humerus  or  femur. 
Kot  till  the  4th  month  does  the  humerus  exceed  the  clavicle 
in  length ;  at  birth  it  is  one  quarter  longer,  and  in  the  adult 
twice  as  long.  At  birth  the  clavicle  is  ossified  in  nearly  the  whole 
of  its  extent,  there  being  only  a  thin  layer  of  cartilage  at  either 
end  (PI.  I.  fig.  1,  p.  39).  A  thin  epiphysial  nucleus  appears  at  its 
sternal  end  about  20,  and  becomes  united  to  the  shaft  about  25 
(PI.  XXA^'II.  fig.  1).  It  is  difficult  to  conceive  what  purpose  it  can 
serve,  being  of  small  size,  developed  so  late,  and  remaining  sepa- 
rate fi-om  the  shaft  for  so  short  a  period.  Tliere  is  no  epiphysis  at 
the  scapular  end,  ossification  taking  place  to  the  very  extremity  of 
the  bone,  as  in  the  case  of  the  condyle  of  the  lower  jaw,  at  an  early 
period  of  foetal  life. 
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V  ri  ties  and  ^^^^  clavicle  and  scapula  are  very  rarely  absent  in  man, 

diseases.  even  tliotigh.  all  the  rest  of  tlie  extremity  may  be  wanting, 

wMcli  is  remarkable  considering  the  inconstancy  of  this  bone  in  the 
animal  scale.  Meckel  quotes  from  Roux's  Journal  an  instance  in  which 
the  acromial  end  was  deficient.  The  sternal  end  has  also  been  unde- 
veloped*. It  is  not  very  liable  to  rickets,  struma,  or  other  disease- 
It  has  been  removed  entire  when  it  had  become  the  seat  of  morbid 
growths.  It  is  occasionally  the  seat  of  syphilitic  node,  which,  as  in 
the  case  of  the  tibia  and  the  skull,  may  be  partly  owing  to  its  subcu- 
taneous position.  It  is  more  subject  to  ulceration  than  to  necrosis  ^ 
Liability  to  "^^^  clavicle,  being  exposed  to  the  full  force  of  blows 

fractiu-e.  t^pon  the  shoulder,  and  being  well  secured  at  either  end  so 

as  to  prevent  dislocation,  is  very  often  broken ;  and  the  fracture  is 
commonly  at  the  part  just  mentioned,  viz.  a  little  external  to  the 
middle.  The  outer  third,  which  more  immediately  receives  the  force, 
is  broken  more  often  than  the  inner  third.  It  is  remarkable  how 
seldom  the  fracture  is  compound,  although  the  bone  lies  in  its  whole 
length  almost  immediately  under  the  skin.  The  skin  escapes  because 
it  moves  so  freely  upon  the  clavicle,  and  because  the  outer  end  of 
the  fracture,  which  receives  the  impulse,  is  almost  always  driven 
behind  the  inner  one  into  the  loose  cellular  tissue  of  the  neck^  In 
a  patient  lately  in  Addenbrooke's  hospital,  whose  clavicle  was  broken 
by  earth  falling  upon  him,  the  inner  fractured  end  penetrated  the 
skin.  When  the  clavicle  is  broken,  the  shoulder  falls,  and  the  patient 
is  commonly  unable  to  raise  the  hand  to  the  head,  or  to  oppose  it 
to  the  other  hand;  though  instances  have  occurred  in  which  he  could 
do  the  former.  The  difficulty  experienced  by  the  surgeon  in  maintain- 
ing a  correct  apposition  of  the  broken  ends  during  their  reunion  is  well 
known,  and  a  variety  of  appliances  have  been  devised  to  assist  in  over- 
coming it.     It  depends  very  much  upon  the  small  diameter  of  the  shaft 


^  Otto,  p.  217. 

2  A  case  of  necrosis  of  the  clavicle  is  recorded  in  the  Rejperloire  General  d'Anaiomie 
et  cle  Physiologie  Pathologiques,  11.  224. 

^  A  rare  exception  to  this  rule  is  given  by  Professor  Syme,  Edinburgh  Journal, 
July,  1835.  Occasionally  in  adults,  and  frequently  in  children,  there  is  no  displace- 
ment. M.  Blandin,  Journal  de  Med.  et  de  Chirurg.  Prat.  July,  1842.  Professor 
Hamilton,  New  YorTc  Journal,  Vol.  III.  found  jpartial  fractures  more  frequent  in  the 
clavicle  than  in  any  other  bone. 


THE.  BONES  OF  THE  UPPER  EXTREMITY.         363 

and  the  weight  of  the  upper  extremity  hanging  upon  it.  There  is  no 
lack  of  reparative  acti-\dty,  and  there  is,  therefore,  in  most  instances, 
abundance  of  callus  thrown  out;  nevertheless  union  may  fail  in  conse- 
quence of  the  outer  fragment  of  the  bone  being  involved  in  the  move- 
ments of  the  extremity,  unless  care  be  taken  to  prevent  those  move- 
ments. This  is  proved  by  two  specimens  of  false  joint  in  the  clavicle, 
preserved  in  the  Cambridge  Museum.  In  the  last  fortnight  I  have  seen 
two  cases  of  infants,  in  whom  a  lump,  evidently  resulting  from  fracture, 
or  partial  fracture,  had  been  observed  in  the  clavicle  within  a  week 
after  bii'th.  In  one  the  labour  had  been  difficult,  and  the  fracture 
was  at  the  junction  of  the  outer  and  middle  thirds.  In  the  other 
it  was  near  the  middle.  I  could  not  learn  how  the  accident  had 
been  caused.  We  may  associate  the  fact  of  the  early  ossification  of  the 
clavicle  with  the  liability  to  such  accidents  in  early  life,  and  may  regard 
it  as  being,  perhaps,  in  some  measure  intended  as  a  provision  against 
them. 


THE  SCAPULA 


Position  in 


is  concave  on  its  inner  surface  so  as  to  be  adapted  to 
relation  to        the  convcx  exterior  of  the  thorax,  which  it  assists  to 

the  thorax.  .  .  -  .  _        . 

protect  m  a  comparatively  unaeiended  part,  in  its 
movements  forwards  and  backwards  it  describes  a  segment  of  a 
circle  upon  the  thorax  ;  whereas  its  upward  and  'downward  move- 
ments are  nearly  in  a  vertical  plane.  In  the  state  of  rest  its  base 
is  almost  perpendicular,  about  an  inch  from,  and  nearly  parallel 
with,  the  vertebral  spines.  The  upper  angle  corresponds  with  the 
interval  between  the  1st  and  2nd  ribs.  The  lower  angle  is  on  a 
level  with  the  8th  rib,  or  with  the  space  between  the  8tli  and  9th 
ribs.  The  lower  part  of  the  bone  is  applied  close  against  the  ribs, 
and  is  supported  by  them.  The  upper  pa.rt,  owing  to  the  contrac- 
tion of  the  thorax  above,  is  more  distant  from  the  ribs,  and  is  held 
out  in  its  position  by  the  clavicle.  The  distance  becomes  remark- 
able, giving  an  overhanging  wing-like  appearance  to  the  shoulders, 
when,  from  phthisis,  or  other  disease  or  malformation,  the  upper 
part  of  the  thorax  fails  to  acquire  or  maintain  its  proper  dimen- 
sions. 
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The  scapula  consists  of  two  chief  parts;  of  which 

General  con-  i  r  ' 

stnictiou.  the  one,  composed  of  the  acromion,  spine,  and  hase,  is 
united  to  the  sternum  through  the  intervention  of  the  clavicle. 
The  other,  consisting  of  the  strong  inferior  costa,  carries  the  gle- 
noid cavity  upon  the  fore  part,  and  sends  off  the  coracoid  process. 
These  two  parts  constitute  the  framework  of  the  scapula.  In  the 
interval  between  them  is  a  thin  plate  of  bone  forming  the  floor 
of  the  infra-spinal  fossa ;  and  a  continuation  of  this  plate,  grow- 
ing above  the  level  of  the  spine,  forms  the  sujDcrior  angle  of  the 
scapula  and  the  floor  of  the  supra-spinal  fossa.  This  thin  inter- 
mediate plate  of  bone  is  strengthened  on  its  under  side  by  ridges 
passing  obliquely  upwards  and  forwards  from  the  base  which  give 
attachment  to  the  tendinous  bands  intersecting  the  bundles  of  the 
subscapularis  muscle.  Between  them  the  surface  of  the  bone  is 
very  smooth,  and  the  periosteum  is  loosely  attached ;  so  that  matter 
forming  here  upon  the  bone,  and  unable  to  escape,  may  spread 
and  detach  the  periosteum  from  the  bone.  In  one  such  case  I 
found  it  necessary  to  trephine  the  floor  of  the  infraspinal  fossa  to 
give  vent  to  the  pus  collected  beneath  it. 

The  Body  of  the  scapula  derives  strength  in  con- 

Convex  shape.  ^  . 

sequence  of  its  being  arched,  both  from  above  down- 
wards and  from  before  backwards.  The  summit  of  the  vertical  arch 
is  situate  just  beneath  the  spine  so  as  to  support  that  process,  and 
is  most  prominent  close  behind  the  glenoid  cavity,  where  springs 
the  thick  stem  of  the  acromion.  From  the  under  side  of  the  deepest 
part  of  the  arch  arises  the  thickest  portion  of  the  subscapular 
muscle.  This  part  is  nearly  on  a  level  with  the  lesser  tubercle  of 
the  humerus ;  and  the  direction  of  the  fibres  of  the  muscle  is,  there- 
fore, most  favourable  for  their  action  upon  the  humerus. 
s  ineand  ^\\^  Bpinc  is  a  remarkable  feature  in  the  scapula, 

acromion.  standing  upwards  and  outwards  and  surmounted  by  a 
very  strong  thick  flattened  ridge,  which  has  a  serpentine  form  and 
spreads  out  into  a  broad  triangular  termination  behind,  where  it  is 
connected  with  the  base.  Towards  its  fore  part  the  spine  increases 
in  thickness  and  strength  as  well  as  in  depth,  and  its  anterior 
edge,  which  carries  the  acromion,  is  particularly  strong.  Both  the 
spine  of  the  scapula  and  the  Acromion  process,  are  very  strong 
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and  prominent,  having  to  transmit  forces  from  the  upper  limb  to 
the  clavicle,  and  giving  an  ample  surface  for  attachment  and  some 
advantage  in  leverage  to  the  powerful  deltoid  muscle.  For  the 
more  effectual  attainment  of  these  objects,  the  spine  of  the  scapula 
is  slanted  obliquely  upwards,  and  terminates,  in  front,  in  a  strong 
romid  stem,  from  which  the  acromion  is  thrown  forward  over  the 
joint.  The  acromion  also,  at  its  most  prominent  part,  is  truncated, 
and  presents  a  broad  thick  edge  capable  of  giving  attachment  to  a 
large  number  of  the  deltoid  fibres  at  a  point  most  favourable  to 
their  action. 

Prolongation  of  '^^^®  tendency  of  the  deltoid  is  to  draw  together  the 
inferior  angle  acromioii  and  the  middle  of  the  shaft  of  the  humerus; 
and  in  order  to  render  the  former  the  fixed  point  and  to  enable  this 
muscle,  as  well  as  the  other  muscles  which  pass  from  the  scapula 
over  the  shoulder-joint,  to  produce  their  required  effect  upon  the 
humerus,  the  scapula  is  prolonged  downwards  at  its  Inferior  Angle. 
By  the  extension  of  the  bone  in  this  direction,  regarding  the  gle- 
noid ca^-ity  as  the  centre  of  motion,  a  leverage  is  afforded  to  the 
muscles  whose  office  it  is  to  maintain  the  position  of  the 

a  compensation 

for  projection    blade  of  the  scapula,  which  leverage  more  than  counter- 


of  acromion. 


balances  that  afforded  by  the  acromion  to  the  deltoid. 


Evil  resulting 


The  importance  to  the  movements  of  the  arm  of  such 
from  imperfec-   pro^dsion  for  the  efficient  action  of  these  muscles  is  well 

tion  of  muscles  .  , 

which  iix  lower  illustrated  oy  cases  in  which  the  latter  are  weak  or  paralysed 
angle  of  scapula.  ^^  inactive  from  some  cause,  or  in  which  the  angle  of  the 
scapula  has  slipped  from  beneath  the  edge  of  the  latissimus  dorsi.  In 
such  cases  the  contraction  of  the  deltoid,  instead  of  causing  the  head 
of  the  humerus  to  rotate  in  the  glenoid  cavity,  causes  the  glenoid  cavity 
to  roll  upon  the  humerus,  and  pulls  the  lower  angle  of  the  scapula  back- 
wards and  upwards,  so  that  it  projects  beside  the  spine.  The  patient 
may  be  thus  rendered  quite  unable  to  raise  the  arm,  each  attempt  to  do 
so  being  followed  by  the  revolution  of  the  scapula,  instead  of  by  the  eleva- 
tion of  the  elbow.  Thus  the  vertical  elongation  of  the  scapula  in  man, 
in  comparison  with  its  depth  from  before  backwards,  has  relation,  not 
only  to  the  small  antero-posterior  diameter  of  his  thorax  and  the  sharp 
cuiwature  of  his  ribs,  but  also,  and  more  particularly,  to  the  freedom 
and  power  of  the  movements  of  his  arm.     It  may  be  remarked  that  the 
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angle  at  wliicli  tlie  humerus  is  set  upon  the  shoulder-blade,  though 
favourable  to  the  general  range  of  movement  at  the  shoulder,  is  particu- 
larly unfavourable  to  the  muscles  which  have  to  raise  the  arm.  The 
acromion  is  therefore  thrown  out  to  afford  some  compensation  in  the 
way  of  leverage  to  the  great  muscle  which  has  the  j)rincipal  part  of  that 
difficult  duty  to  perform ;  this  necessitates  more  secure  provision  for  fix- 
ing the  scapula  so  as  to  render  it  a  firm  point  d'ajjpui;  accordingly,  the 
growth  of  the  inferior  angle  in  one  direction  has  relation,  and  is  in  gene- 
ral proportionate,  to  the  growth  of  the  superior  angle,  the  spine,  and  the 
acromion  in  the  opposite  direction. 

The  Coracoid  'process  corresponds  with  the  acromion, 

Coracoid.  iir-  c  i- 

arclimg,  like  a  naif-bent  finger,  over  the  inner,  as  the 
acromion  does  over  the  outer,  side  of  the  shoulder-joint ;  and,  in 
proportion  to  its  prominence,  it  affords  a  leverage  to  the  coraco-bra- 
cMalis  and  the  short  head  of  the  biceps,  as  the  acromion  does 
to  the  deltoid.  Its  relations,  therefore,  to  the  inferior  angle  of  the 
scapula,  and  the  antagonistic  relation  of  its  muscles  to  those  which 
fix  the  angle  of  the  scapula,  are  the  same  as  in  the  case  of  the 
acromion.  The  coracoid  process  is  manifestly  an  appendage  to  the 
glenoid  cavity,  being  borne  together  with  it  in  front  of  the  neck  of 
the  scapula ;  so  that  in  any  case  in  which  a  fracture  has  passed 
through  the  neck,  the  coracoid  process  would  be  detached  with  the 
glenoid  cavity  from  the  rest  of  the  bone ;  and  the  finger  pressed 
down  upon  the  coracoid,  in  the  interval  between  the  edges  of  the 
deltoid  and  pectoral  muscles,  would  probably  detect  some  evidence 
of  the  separation.  Indeed  it  may  be  properly  said  to  contribute  to 
the  glenoid  cavity;  for  the  prolonged  upper  and  inner  portion  of  the 
articular  surface  of  the  latter,  lying  at  the  base  of  the  coracoid  pro- 
cess, is  often  marked  ofi"  from  the  rest  by  a  notch  on  the  inner  side, 
which  has  its  analogue  in  a  more  complete  fissure  in  Birds  and 
Reptiles,  where  the  coracoid  bone  is  separate,  and  enters  into  the 
construction  of  the  shoulder-joint.  At  its  base  the  coracoid  is  very 
thick;  and  it  is  flattened  on  its  inner  side  (PL  XXIX.  figs.  1,  2,) 
where  the  conoid  ligament  plays  upon  it.  That  ligament  arises 
from  the  under  and  hinder  edge  of  the  flat  surface.  The  process 
presents  a  rough  ridge  above  for  the  attachment  of  the  trape- 
zoid ligament,  and  is  hollowed  underneath  to  permit  the  play  of 
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the  subscapular  muscle  which  is  separated  from  it  by  a  bursa. 
At  its  middle  it  is  contracted  into  a  sort  of  neck ;  and  it  aa;ain 
swells  out  at  its  extremity,  where  it  presents  three  facets  for  the 
attachment  respectively  of  the  pectoralis  minor,  the  short  tendon 
of  the  hiceps,  and  the  coraco-hracliialis  muscle. 

The  coracoid  process  in  man,  and  in  nearly  all  other  viviparous 
animals,  is  of  small  size,  as  compared  with  its  dimensions  in  Mo- 
notremes,  and  in  oviparous  animals.  In  the  latter  it  extends  as 
far  as  the  sternum,  is  a  broad,,  strong,  and  for  the  most  part, 
separate,  bone,  which  connects  the  scapula  with  the  sternum  and 
constitutes  its  chief  support.  In  some  Reptiles  it  is  the  only 
osseous  connection  of  the  upper  extremity  with  the  sternum,  the 
clavicle  being  wanting,  and  the  spine  and  acromial  part  of  the 
scapula  being  also  deficient. 

Supra-scapular  '^^^®  Notcli  in  the  supcrior  costa,  just  behind  the 
notch.  coracoid,    which    transmits     the    supra-scapular    nerve, 

and  which  is  closed  by  a  ligament  separating  the  nerve  from  the 
supra-scapular  artery,  is  a  true  foramen  in  some  Sloths ;  and  in 
them  the  supra-spinal  fossa  receives  considerable  extension  from  a 
plate  of  bone  which  connects  the  coracoid  process  with  the  superior 
angle,  and  forms  the  upper  boundary  of  this  foramen.  Occasionally 
in  the  human  scapula  also  the  notch  is  converted  into  a  foramen 
by- the  ossification  of  the  ligament;  and  sometimes  there  is  a  dis- 
tinct hole  heneatJi  the  notch. 

The  ossification  of  the  scapula  commences,  in  the 
2nd  month  of  foetal  life,  by  the  formation  of  a  bony 
plate,  a  little  behind  the  glenoid  cavity,  about  the  point  where, 
on  the  inner  side,  may  be  subsequently  seen  the  foramen  for 
the  chief  nutritious  artery.  This  plate  soon  becomes  triangular; 
and,  in  the  3rd  month,  the  spine  grows  up  from  it.  The  spine  is 
at  this  period  situated  near  the  upper  edge  of  the  scapula,  and 
occupies  the  position  which  is  permanent  in  some  of  the  lower  ani- 
mals \     Subsequently  the  growth  of  the  scapula  above  the  spine 


^  In  Monotremes  the  spine  is  so  near  the  superior  costa  that  it  was  confounded 
■with  it  by  both  Cuvier  and  Meckel. 
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places  the  latter  at  about  a  quarter  of  the  length  of  the  bone  from 
the  upper  edge. 

At  bh'th,  the  chief  part  of  the  scapula  is  osseous  (PI. 

XXVII.  figs.  2  and  3) ;  but  the  coracoid,  the  acromion, 
the  edge  of  the  spine,  the  inferior  angle  and  the  base,  still  remain 
cartilaginous.  (See  PL  I.  fig.  5,  at  page  39.)  The  cartilage  is 
deeper  at  the  inferior  angle  than  elsewhere,  the  bone  being  yet  de- 
ficient in  that  vertical  length  which  is  the  characteristic  feature  of  the 
adult  human  scapula.  The  rounded  shape  of  the  inferior  extremity 
of  the  macerated  bone  causes  it  to  resemble  the  ilium  at  the  same 
period;  and  the  resemblance  is  increased  by  the  imperfect  con- 
dition of  the  part  from  which  the  glenoid  cavity  is  to  be  produced. 
The  floor  of  the  supra-spinal  fossa  extends  but  a  short  distance 
above  the  spine,  the  superior  costa  is  very  curved,  and  the  superior 
angle  is  turned  inwards.  The  spine  is  imperfectly  developed  in 
its  hinder  third;  and  runs  out  from  the  fore  part  of  the  blade, 
suddenly  and  boldly,  into  the  straight  blunt  acromion.  The  blade 
of  the  bone  is  nearly  flat,  and  is  of  nearly  equal  thickness  in  its 
whole  extent ;  perhaps  the  middle  part  is  rather  the  thickest.  In 
the  subsequent  process  of  development  (as  in  the  case  of  the  flat 
cranial  bones,  page  186)  the  edges  become  thicker,  and  the  lamina 
between  them  becomes  comparatively,  if  not  actually,  thinner. 

In  the  1st  year  after  birth  a  nucleus  appears  in  the 

middle  of  the  coracoid  process^.  This  becomes  united  to 
the  rest  of  the  bone  about  the  15th  year  (PL  XXVII.  figs.  4  and 
5)  ^.  About  this  time  a  nucleus  appears  in  the  cartilage  at  the  extre- 
mity of  the  acromion  (fig.  5),  and  another  in  the  cartilage  which 
extends  along  the  base  and  inferior  angle  of  the  scapula.  The  nu- 
cleus for  the  acromion  varies  in  the  size  to  which  it  attains  ;  in  some 


^  The  coracoid  is  ossified  from  a  separate  centre  in  Mammals,  and  it  is  sub- 
sequently united  by  bone  to  the  scapula.  In  Birds,  and  Reptiles,  it  remains  distinct 
throughout  life. 

^  In  some  instances,  according  to  Beclard,  an  additional  nucleus  is  fonned  both  at 
the  apex  and  at  the  base  of  the  coracoid.  I  have  found  the  same  in  specimens  in  the 
Museum  at  Prague  (PI.  XXVII.  fig.  5).  In  Quain's  Anatomy,  1856,  Vol.  i.  p.  113,  a 
thin  scale  (an  epiphysis)  is  described  as  formi"ig  on  the  convex  part  of  the  coracoid, 
after  the  process  has  been  joined  on  to  the  general  mass  of  the  scapula. 
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it  forms  only  the  tip,  in  others  it  constitutes  the  chief  part  of  the 
process.  Now  and  then  it  remains  permanently  separate,  or  is 
united  with  the  spine  only  by  fibrous  tissue ;  and,  under  these  cir- 
cumstances, the  mistake  may  arise  of  supposing  that  it  has  been 
broken  off,  and  has  not  been  reunited^.  As  a  general  rule,  this  and 
the  other  nuclei,  which  are  developed  about  the  same  time,  coalesce 
with  the  scapula  from  the  22nd  to  the  25th  year.  The  long  marginal 
epiphysis  of  the  base,  which  resembles  that  of  the  ilium,  is  the 
last  to  unite  with  the  rest  of  the  bone.  I  have  found  separate 
nuclei  for  the  edge  of  the  glenoid  cavity  in  other  instances  besides 
the  one  represented  in  fig.  5. 

Abnonualcon-  Even  if  the  whole   of  the  remainder  of  the  upper  ex- 

ditions.  tremity  fail  to  be  developed,  the   scapula,  with  its  fulcrum 

the  clavicle,  is  very  rarely  absent  or  malformed,  though  it  is  sometimes 
remarkably  thin  and  slight.  It  has  been  found  cleft " ;  and  occasionally 
the  plates  of  the  supra-  and  infra-spinal  fossse  are  incomplete,  presenting 
iiTCgulai'ly  shaped  apertures  occupied  by  fibrous  tissue.  These  are 
probably  caused,  like  similai-  deficiencies  in  the  parietal  bones  (p.  242), 
not  by  a  primary  imperfection  in  the  ossifying  j)x^ocesses,  but  by  an  ex- 
cess of  that  modelling  absorption  by  which  the  blade  of  the  bone  is 
thinned  as  its  edges  become  thickened. 

Fractures.  Its  mobility,  the  support  it  receives  from  the  thorax,  its 

covering  of  muscles,  the  fragility  of  the  clavicle,  and  the  weakness  of 
the  shoulder-joint,  combine  to  render  the  scapula  less  liable  to  frac- 
tui-es  than  any  of  the  large  bones  of  the  upper  extremity.  Fractures 
are  most  fi'equent  in  the  acromion^;  in  the  blade  below  the  spine  they 
generally  take  a  transverse  direction,  or  are  oblique,  running  from 
the  base  upwards  and  forwai^ds  towards  the  glenoid  cavity;  sometimes 
they  involve  the  glenoid  cavity^;  sometimes  they  extend  only  part  of 
the  way  across  the  bone^     The  coracoid  process  is  occasionally  broken 


1  CruveilMer  speaks  of  two  osseous  centres  for  the  acromion,  in  which  he  is  followed 
by  Quain  and  other  anatomists.     They  unite  together  before  joining  the  spine. 

2  Otto's  Path.  Anat.  p.  -217. 

3  I  am  not  aware  of  any  instance  of  bony  union  of  a  fi-acture  of  the  acromion. 
"*  Specimens  in  Mus^e  Dupuytren. 

^  Museum  of  College  of  Surgeons,  2918. 

24 
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off',  and  the  neck  of  the  scapula"  may  be  fractured;  but  these  are  rare 
accidents. 


1  Cases  by  Mr  South  and  Mr  Arnott,  Medico-Chirurgical  Trans,  xxii.  p.  loo. 
There  is  a  specimen  of  the  kind  in  the  Dupuytren  Museum.  I  do  not  know  that  this 
fracture  has  ever  been  united  by  bone. 

2  A  specimen  of  fracture  of  the  neck  of  the  scapula  in  Guy's  Museum,  accompanied 
by  transverse  fracture  of  the  blade  below  the  spine,  is  represented  by  Mr  Callaway,  in 
his  Essay  on  the  Clavicle  and  Shoulder' -joint,  and  is  described  at  p.  93  of  that  work.  "A 
case  of  fracture  of  the  neck  of  the  scapula  and  of  the  coracoid  process "  is  given  by 
Mr  Brodhurst  in  Medical  Times  and  Gazette  for  March  7th,  1857.  An  instance  of 
fracture  of  the  body  of  the  bone  by  muscular  action  is  quoted  in  Ranking's  Abstract, 
II.  105. 


DESCEIPTION  OF  PLATE  XXVII. 

Fig.  I.  Section  of  sternal  end  of  clavicle,  from  a  female  aet.  25,  shewing  the 
epiphysis. 

Figs.  2  and  3.  Scapula,  at  birth,  after  maceration.  Fig.  2,  external  surface. 
Fig.  3,  internal  surface.  They  shew  the  shape  of  the  bone,  the  convex  border  of  its 
base,  the  deeply  concave  upper  margin,  the  shallowness  of  the  supra-spinous  portion, 
the  abrupt  projection  of  the  spine,  the  convex  shape  of  the  glenoid  portion.  A,  the 
part  of  the  glenoid  portion  to  which  the  coracoid  process  is  subsequently  attached. 
B,  the  foramen  for  the  nutritious  artery. 

Fig.  4.  Section  of  glenoid  part  of  scapula  at  set.  10  (reduced).  A,  the  ossified 
portion  of  coracoid  process  tipped  with  cartilage,  and  tmited  by  cartilage  to  the  rest  of 
the  bone.     B,  the  cartilaginous  surface  of  the  glenoid  cavity. 

Fig.  5.  Scapula  from  young  subject  (much  reduced),  showing  a  fissure  still 
remaining  between  fore  part  of  coracoid  and  the  rest  of  the  bone;  it  extends  to  the 
glenoid  cavity.  There  is  a  separate  nucleus  at  the  extremity  of  the  coracoid,  also  at 
the  extremity  of  the  acromion ;  and  the  osseous  rim  of  the  glenoid  cavity  is  likewise 
separate. 

Fig.  6.  Transverse  section  of  left  humerus,  an  inch  from  the  lower  extremity.  A, 
the  external  ridge ;  B,  the  internal  ditto ;  C,  the  anterior  ditto. 

Fig.  7.  Transverse  section  of  left  humerus,  just  below  point  of  attachment  of  del- 
toid.   A,  B,  C,  as  in  preceding. 

Fig.  8.  Longitudinal  section  of  humerus,  from  before  backwards,  shewing  the 
shape  of  the  medullary  cavity,  the  thickness  of  the  outer  wall  in  different  parts,  and 
the  disposition  of  the  cancelli.  A,  the  greater  tubercle.  B,  the  trochlea.  C,  thin 
part  above  the  trochlea. 

Fig.  9.  Longitudinal  section  of  humerus,  from  side  to  side.  A  and  B  as  in  pre- 
ceding. C,  outer  condyle ;  D,  inner  ditto.  The  upper  epiphysial  line  is  still  distinct 
between  the  head  and  the  shaft ;  its  continuation  between  the  tubercle  and  the  shaft 
(towards  A)  is  nearly  obliterated. 
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THE  HUMEEUS.    (Plate  XXVII.) 

averages  from  12  to  13  inches  in  length.  It  is  a  good  illustration 
of  the  general  features  of  construction  which  have  been  described 
(p.  10)  as  prevailing  in  the  long  bones.  Thus  its  extremities  are 
expanded  for  the  purpose  of  giving  security  to  the  joints  and  of 
affording  attachment  and  increased  leverage  to  the  muscles ;  its 
articular  surfaces  look  in  different  directions,  the  upper  one  up- 
wards, inwards,  and  a  little  backwards,  the  lower  one  forwards  and 
downwards ;  its  shaft  is  contracted  for  the  purpose  of  affording 
greater  space  for  the  bellies  of  the  muscles ;  its  interior  is  hollowed 
so  as  to  present  a  well-marked  medullary  canal;  its  exterior  is 
strengthened  by  projecting  ridges  ;  and  it  is  curved  in  two  directions, 
so  as  to  have  somewhat  of  an  S  shape. 

The  shaft:  its  ^^  ^^^^  Cu7'ves  in  the  sliaft,  that  in  the  upper  half  has 

curves;  ||g  couvcxity  forwards  and  a  little  outwards.     It  is  ren- 

dered more  prominent  externally,  at  the  lower  part,  by  the  rough 
projection  for  the  attachment  for  the  deltoid  muscle,  which  is  im- 
planted into  the  bone  at  the  part  most  favourable  to  its  action. 
The  shaft  of  the  humerus  looks  as  if  it  had  been  pulled  out  of 
the  straight  line  by  the  action  of  the  deltoid ;  and  that  appearance 
is  more  striking  in  cases  of  rickets  in  which  the  cm^ve  is  mor- 
bidly increased.  This  projection  is  very  strongly  marked  in 
Solipeds  and  some  other  animals;  and  in  the  Mole  it  is  thrown  out 
into  a  long  spike,  so  as  almost  to  meet  a  similar  process  which 
springs  from  the  outer  condyle.  The  inferior  curve  has  its  concavity 
in  front,  and  is  so  disposed  as  to  make  the  lower  articular  end  of 
the  bone  present  forwards  as  well  as  downwards,  thus  bringing  it 
more  nearly  into  the  direction  in  which  the  fore-arm  is  generally 
placed  when  we  fall  upon  the  hand  or  when  we  use  the  limb  in  any 
strong  exertion,  and  placing  it,  therefore,  in  the  position  which 
is  most  favourable  for  the  reception  of  forces  transmitted  from  the 
fore-arm. 

Both  these  curves  are  occasionally  increased,  but  more  particularly 
the  upper  one,  in  those  cases  of  foetal  or  infantile  lickets  in  which  the 
anns  are  affected. 
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part  most  liable  ^^^^  sliaft,  as  ill  the  case  of  the  clavicle  and  most  of 
to  fracture.  ^]^g  loiig  boiies,  is  Smallest  and  hardest  at  the  point  of 
confluence  of  the  cm'ves,  and  is  here  most  frequently  broken. 
Occasionally  it  is  broken  by  the  contraction  of  the  muscles.  I 
have  already  (page  8)  mentioned  an  instance  in  which  this  oc- 
curred when  a  man  was  helping  himself  upstairs  by  the  hand- 
rail ;  and  many  others  of  a  similar  kind  have  been  recorded^.  In 
consequence  of  the  attachment  of  the  tendinous  fibres  of  the  del- 
toid of  the  coraco-brachialis  and  of  the  brachialis  anticus  in  this 
neighbourhood,  the  periosteum  is  closely  connected  with  the  bone, 
and  does  not,  therefore,  become  separated  in  case  of  fracture  so 
much  as  in  other  places.  This,  together  with  the  movements  to 
which  the  broken  ends  are  subjected,  unless  the  hand  be  well  se- 
cured, is  probably  the  reason  that  union  is  more  liable  to  fail  here 
than  in  all  the  other  parts  of  the  shafts  of  long  bones  put  together. 
From  this  point  the  shaft  gradually  increases  in  size  and  becomes 
less  compact  as  we  trace  it  upwards. 

Just  below  the  head  of  the  bone  there  is  an  appa- 

Surgical  neck.  .... 

rent,  rather  than  a  real,  constriction ;  it  is  caused  by  the 
projecting  rough  spaces  for  the  insertion  of  the  axillary  muscles 
below,  and  the  bulging  of  the  tubercles  and  articular  surface  above. 
This,  which  is  called  the  Surgical  NecJc,  is  often  the  seat  of  frac- 
ture ;  it  is  particularly  liable  to  be  broken  in  old  persons,  in  whom 
the  cancellous  texture  of  the  interior  is  becoming  absorbed  and 
replaced  by  fat. 

The  three  Traccd  dowuward  from  its  narrowest  point  the  shaft 

ridges.  jg    gggj^    ^q    bccomc    flattened   from   before  backwards 

(fig.  6),  so  as  to  carry  the  transversely  elongated  articular  surface 
for  the  radius  and  ulna.  A  ridge  is  thus  formed  on  either  side; 
these  with  a  third,  rather  less  prominent,  ridge  on  the  fore  part  give 


^  Mr.  Turle,  Med.  T lines  and  Gazette,  Aug.  t5,  1857,  has  collected  fifty  instances 
of  spontaneous  fracture  of  this  bone,  and  has  not  been  able  to  meet  with  a  single 
recorded  example  of  any  healthy  long  bone  (except  the  humerus)  being  broken  by  the 
force  of  its  attached  muscles.  I  have  (p.  8)  mentioned  one  in  which  the  femur  was 
so  broken ;  and  the  gentleman  who  witnessed  that  case  heard  of  another  precisely 
similar. 
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to  the  section  of  the  bone  a  somewhat  triangular  figure.  Of  these 
angles  or  ridges  the  outer  {A),  called  the  external  supra-condyloid 
ridge,  is  by  far  the  most  prominent  and  strong ;  it  is  also  more  in  a 
line  with  the  shaft  than  the  inner  one.  It  descends  to  the  outer  con- 
dyle and  bears,  therefore,  the  chief  pressure  of  that  bone  of  the  fore- 
arm which  carries  the  hand.  The  inner  [B) — or  internal  supra-con- 
dyloid  ridge — descends  to  the  inner  condyle.  The  anterior  (0) — or 
supra-trocJilear  ridge — is  broad  and  thick,  though  less  prominent 
than  the  others ;  it  bifurcates  at  its  lower  part  to  enclose  the  coronoid 
fossa,  and  forms  the  support  of  the  lateral  elevations  of  the  trochlea. 
Posteriorly,  the  surface  of  the  humerus,  formed  between  the  external 
and  internal  ridges,  is  broad  and  flat;  and  the  ridges,  separating 
below,  enclose  the  "  olecranon  fossa,"  and  descend  to  their  respective 
condyles.  Traced  upwards  the  external  supra-condyloid  ridge  ex- 
pands into  the  back  of  the  shaft,  and  ascends  to  the  head  of  the 
humerus,  forming  a  tolerably  direct  line,  from  the  condyle  which 
carries  the  radius,  to  the  superior  articular  surface  of  the  bone.  The 
supra-trochlear  ridge,  which  is  next  in  strength,  forms  the  fore  part 
of  the  shaft,  and  ascends  to  the  gTcat  tubercle.  The  internal  supra- 
condyloid  ridge  continues  its  com'se,  along  the  inner  side  of  the 
bone,  to  the  lesser  tubercle. 

Supra-condyloid  ^  hook-like  process  of  bone  is  occasionally  found  pro- 
process,  jecting  from  the  inner  side  of  the  shaft,  about  two  inches 
above  the  inner  condyle.  It  is  directed  downwards;  and  its  extremity 
is  usually  connected  with  the  inner  condyle  by  a  ligament  or  band  of 
fibrous  tissue,  enclosing  a  hole  which  corresponds  with  the  "  supra-con- 
dyloid foramen"  in  the  fehne  tribe  of  animals.  In  them  it  transmits  the 
brachial  artery  or  one  of  its  primary  branches  and,  commonly,  the 
median  nerve,  and  is  supposed  to  be  a  provision  for  preventing  the 
compression  of  the  artery  by  the  contraction  of  the  muscles  when  the 
creature  is  seizing  and  holding  its  prey.  Tiedemann"  found  the  supra- 
condyloid  foramen,  in  certain  apes,  associated  witli  a  high  division  of 
the  brachial  artery;  the  ulnar-branch  and  the  median  nerve  passing 
through  the  foramen.      We  might   expect  the  same  disi^osition  would 


^  Home's  Lectures  on  Comparative  Anatomy,  i.  76. 
s  Meckel's  Archiv,  IV.  544. 
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occur  in  the  liiiman  subject,  knowing  liow  often  the  high  division  of  the 
arteiy  is  an  attendant  on  anomalies  in  the  anatomy  of  the  arm.  The 
point,  however,  is  not  mentioned  in  the  accounts  of  cases  which  I  have 
read;  except  in  one  related  by  Wilbrand\  where  the  brachial  artery  and 
the  median  nerve  are  described  as  passing  through  the  foramen. 

The   depth    of  the   olecranon  and   coronoid  fossse, 

Lower  end.  -,  .   ,      .  ,  ,  ,         . 

winch  IS  so  great  as  to  leave  only  a  transparent  lamina 
iDetween  them,  and  their  size,  together  with  the  superficial  fossa 
for  the  radius  above  the  outer  condyle,  weaken  the  humerus  just 
above  its  articular  end,  so  much  that,  in  spite  of  the  additional 
strength  imparted  by  the  ridges  above  mentioned,  fracture  not  un- 
frequently  occurs  at  this  part,  and  is  apt  to  be  confounded  with 
dislocation  at  the  elbow 2.  The  inte7-nal  condyle  being  very  promi- 
nent is  liable  to  be  broken  off.  It  shelters  the  ulnar  nerve,  and 
affords  a  surface  of  attachment  and  a  leverage  to  the  flexor  and 
pronator  muscles  of  the  fore-arm.  It  is  in  a  plane  behind  that 
of  the  outer  condyle;  and  its  greater  length,  compared  with  that 
of  the  outer  condyle,  corresponds  with  the  power  of  the  muscles 
connected  with  it,  as  contrasted  with  the  power  of  the  extensors 
and  supinators  which  arise  from  the  outer  condyle.  The  latter  is 
so  short  that  it  is  little  exposed  to  injury,  and  is  very  rarely  broken 
off.  Specimens  in  the  Musee  Dupuytren  prove,  however,  that  this 
accident  does,  now  and  then,  occur. 

^  ,,  The  Tuhercles  at  the  upper  end  of  the  humerus  are 

Upper  end :  the  J-  J- 

tubercies.  much  comprcssed  in  comparison  with  their  size  and  pro- 
minence in  some  of  the  lower  animals ;  this  is  for  the  purpose 
of  permitting  a  free   range  of  movement  in  the  shoulder-joint^. 


^  British  and  Foreign  Medical  Revieiv,  xix.  571. 

^  In  quadrumana,  camivora,  and  some  other  animals,  the  thin  plate  of  bone 
between  the  coronoid  and  olecranon  fossse  does  not  exist,  so  that  there  is  communica- 
tion between  the  two.  This  is  occasionally  found  also  in  man,  and,  it  is  said, 
more  frequently  in  the  Negro  than  in  the  European. 

^  In  man  the  processes  of  the  scapula — the  acromion  and  coracoid- — -are  large,  but 
stand  wide  of  the  joint  and  do  not  interfere  with  its  movements.  In  the  lower  animals, 
particularly  in  Solipeds,  they  are  small ;  whereas  the  tubercles  of  the  humerus  are  of 
great  size,  and  encroach  upon  the  joint.  In  these  animals  also  the  articular  surface 
of  the  humerus  is  nearly  in  the  same  line  as  the  shaft,  and  not  set  off  from  it  at  an 
angle  by  means  of  a  neck  as  it  is  in  man. 
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The  smaller  tubercle,  and  the  outer  part  of  the  larger  one,  give 
attachment  respectively  to  the  subscapularis  and  the  teres  '^ninor 
muscles,  which  rotate  the  arm  inwards  and  outwards.  The  middle 
part  of  the  great  tubercle  gives  attachment  to  the  sufpra-  and 
■infra-spmatus  muscles,  which  assist  in  the  elevation  of  the  arm 
by  causing  the  head  of  the  humerus  to  revolve  in  the  glenoid 
cavity,  so  enabling  the  deltoid  to  perform  its  intended  function  of 
raising  the  arm.  Were  it  not  for  the  assistance  thus  afforded  by 
these  two  muscles,  a  considerable  part,  at  least,  of  the  force  of  the 
deltoid  would  be  lost,  in  consequence  of  the  direction  of  its  fibres 
being  such  as  to  draw  the  head  of  the  humerus  straight  upwards 
against  the  acromion. 

Auatomicai  ^h.Q  shallow  coustriction  which  is  situated  between 

^'^'^^-  the  tubercles  and  the  articular  surface,  and  is  continued 

beneath  the  inferior  edge  of  the  latter,  is  called  the  Aiiatomical 
Neck.  It  corresponds,  in  many  respects,  with  the  neck  of  the 
fenuu',  and,  like  it,  carries  the  head  at  an  angle  of  about  120"  with 
the  shaft.  It  is  invested  with  fibrous  tissue,  which  is  formed,  in 
part  at  least,  by  fibres  reflected  from  the  insertion  of  the  capsular 
ligament,  backwards,  to  the  margin  of  the  head,  and  which  is  over- 
laid by  synovial  membrane.  It  serves  the  purpose  of  giving  power 
to  the  rotators  of  the  limb,  and  of  increasing  the  range  of  move- 
ment of  the  joint;  but  in  consequence  of  the  shallowness  of  the 
glenoid  cavity,  it  needs  not  to  be  of  so  great  length  as  the  neck  of 
the  femm-,  and  it  is  proportionately  less  liable  to  fracture.  Never- 
theless, fracture  does  sometimes  occur  ^  in  old  age,  when  the  cancel- 
lous structure  in  its  interior,  like  that  in  the  neck  of  the  femur, 
often  undergoes  absorption  and  fatty  degeneration. 
Medullary  cavity,  "^  lougitudinal  SBctiou  of  the  bouc  (figs.  8  and  9) 
aud  \irau  of  shaft,  gl^g^g  the  Medullary  Cavity  to  be  of  large  size,  and  to 
extend  along  the  whole  length  of  the  shaft.    The  Nutritious  Artery 


^  In  tlie  Dupuytren  Museum  I  found  three  specimens  of  fracture  through  this 
part.  Dr  Knox^  Medical  Gazette,  sxxi.,  found  fracture  of  the  anatomical  neck  of  the 
humerus,  within  the  capsular  ligament,  in  dissecting  the  shoulder  of  an  aged  female. 
There  are  two  specimens  in  the  Museum  of  the  College  of  Surgeons  of  fracture  close 
to  the  anatomical  neck.  The  bones  are  remarkably  light  from  atrophy :  in  one  instance 
the  patient  was  seventy-seven,  and  in  the  other  seventy-nine. 
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enters,  a  little  below  the  insertion  of  tlie  coraco-lbracliialis,  tlirongli 
a  channel  directed  obliquely  downwards.  Sometimes  there  is  a 
second  nutritious  artery,  higher  up,  which  takes  the  same  direction. 
The  wall  of  the  hone  is  very  thick  and  dense  a  little  below  the 
middle,  where  the  diameter  of  the  shaft  is  smallest,  and  where 
the  medullary  canal  is  wide.  Towards  the  upper  end  the  size 
of  the  shaft  gradually  increases ;  and  the  wall  becomes  thinner, 
in  consequence  of  laminse  passing  off  from  it  into  the  interior. 
Near  the  head  of  the  bone,  where  the  circumference  suddenly 
enlarges,  these  laminse  separate  in  greater  numbers  from  the  expand- 
ing wall  and  ascend  vertically  to  the  epiphysis.  The  latter  is 
generally  composed  of  rather  compact  cancellated  structure.  At  the 
lower  end,  where  a  sudden  widening  of  the  bone  takes  place,  the 
separation  of  the  components  of  the  wall  into  vertical  or  radiating 
laminte  is  also  very  marked  ;  and  the  laminge  which  pass  from 
the  outer  side  to  support  the  capitulum  for  the  radius  are  particu- 
larly strong. 

About  the  middle  of  the  2nd  month  a  nucleus  ap- 

Development. 

pears  near  the  middle  of  the  shaft ;  or  there  may  be  two 
nuclei,  corresponding  with  the  two  nutritious  arteries  which  are  oc- 
casionally found;  when  this  is  the  case  the  two  quickly  coalesce 
into  one,  which  soon  extends  to  the  extremities  of  the  shaft. 
The  ends  of  the  bone  remain  cartilaginous  till  after  birth.  Some 
time  during  the  1st  year  ossification  begins  in  the  upper  one;  and, 
a  few  months  later,  a  nucleus  appears  in  the  outer  part  of  the  lower 
extremity.  This  grows  into  the  tubercle  for  the  radius  and  the 
outer  edge  of  the  trochlea ;  or  there  may  be  a  separate  nucleus  for 
the  former.  The  concave  portion  and  inner  edge  of  the  trochlea 
are  either  developed  from  a  separate  nucleus,  which  appears  about 
12,  according  to  Beclard,  or  are  formed  by  an  extension  of  the 
shaft  in  that  direction  (PI.  II.  fig.  6,  page  40).  At  about  8  the 
nucleus  for  the  inner  condyle  appears ;  I  have  found  it  very  distinct 
at  10.  In  some  instances  a  small  nucleus  is  formed  on  the  outer 
condyle  at  about  15.  These  all  are  united  together  at  about  17, 
and  to  the  shaft  before  20.  At  the  beginning  of  the  3rd  year 
the  nucleus  for  the  great  tubercle  is  seen,  and  at  the  end  of  the 
5th  year  that  for  the  lesser  tubercle.    These  soon  unite  together ; 
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and,  about  a  year  after  tlieir  union,  tliey  coalesce  with  the  head, 
forming  the  upper  epiphysis,  which  is  not  united  to  the  shaft  till 
21.  This  epiphysis  is  not  very  deep  ;  and  the  neck  of  the  humerus 
is  chiefly  formed  by  the  shaft,  which  is  prolonged  inwards  and 
upwards  for  that  purpose,  just  as  the  shaft  of  the  femur  is  pro- 
longed to  form  the  neck  of  that  bone. 

The  length  of  the  humerus  is  great  in  proportion  to  that  of  the  other 
bones  of  the  limb,  goes  on  increasing  during  development  and  growth 
(p.  98),  and  is  one  of  the  characteristics  of  the  human  frame  (p.  89).  In 
the  orang  and  some  other  monkeys  the  radius  and  ulna  are  as  long  as,  or 
longer  than,  the  humerus  (p.  106).  Its  gi'owth  is  liable  to  be  arrested  in 
rickets;  and  in  some  of  the  examples  of  this  disease  it  is  remarkably 
short,  as  well  as  abnormally  curved  and  thick.  Its  development  occa- 
sionally fails  altogether,  or  in  part,  with  or  without  failure  of  the 
other  segments  of  the  extremity.  In  the  case  of  a  lady,  mentioned 
by  Yelpeau,  the  total  and  congenital  absence  of  the  humerus  interfered 
but  little  with  the  movements  of  the  fore-arm  \  Its  shaft  is  not  unfre- 
quently  the  subject  of  sclerosis  and  growths  of  various  kinds. 
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present  rather  more  interest  than  attaches  to  the  other  long  bones, 
because,  in  addition  to  their  movement  together  upon  the  humerus, 
the  radius  undergoes  a  partial  revolution  upon  the  ulna  for  the  pur- 
Axis  of  rotation  posc  of  permitting  the  pronation  and  supination  of  the 
of  the  radius      J^^ud.     In  this  movement  the  radius  rotates  upon  an 

in  pronation  r 

and  supination  axis  drawu  Straight  downwards,  as  a  plumb-line  would 
fall,  through  the  most  prominent  part  of  the  articular  surface  of  the 
outer  condyle  of  the  humerus.  The  upper  portion  of  this  axis 
passes  directly  through  the  centre  of  the  button-like  head  of  the 
radius,  which  rests  upon  the  condyle.  But  as  we  trace  it  lower 
down,  in  consequence  of  the  inclination  of  the  bones  of  the  fore-arm 
outwards  from  the  himaenis  at  the  elbow,  it  soon  ceases  to  traverse 


^  The  humerus,  "as  a  rule,  appears  to  be  wanting  in  fishes."     Van  der  Hoeven's 
Handbook  of  Zoology,  by  Dr  Clark,  II.  1 7. 
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the  radius,  and  takes  its  course,  along  the  interosseous  space,  to  the 
lower  end  of  the  ulna,  through  the  middle  of  which  it  runs,  just  as 
above  it  had  run  through  the  middle  of  the  end  of  the  radius. 
Accordingly,  in  pronation  and  supination,  the  ujpjyer  articular  sur- 
face of  the  radius  rotates  upon  its  own  axis,  on  the  tubercle  of  the 
humerus,  and  in  the  lesser  sigmoid  cavity  of  the  ulna :  whereas  the 
is  perpendicu-  ^'^^^6^'  ^"^^^  ^f  the  radius  plays  around  the  lower  extremity 
lar  from  outer    pf  ^j^g  ulua^  and  dcscribcs  a  segment  of  a  circle  upon  it, 

condyle  of  hu-  _  _  ■"■ 

merus  to  end  rcvolviug  upou  an  axis  which  passes  through  the  centre 
of  the  extremity  of  that  bone.  Thus,  although  the 
axes  of  movement  of  the  two  extremities  of  the  radius  in  pronation 
and  supination  coincide  in  the  same  perpendicular  line,  that  of  the 
one  passes  through  the  end  of  the  radius,  and  that  of  the  other 
through  the  end  of  the  ulna^  If  now  this  perpendicular  line  be 
prolonged  downwards  through  the  hand  it  passes  through  the  ring 
linger ;  so  that,  in  the  movement  referred  to,  the  hand,  with  the 
radius,  rotates  upon  an  axis  drawn  from  the  middle  of  the  outer 
tubercle  of  the  humerus  to  the  extremity  of  the  ring  finger;  and 
the  axis  traverses  the  lower  end  of  the  ulna,  which  forms  a  ijoint 
d''  appui  for  the  member  to  revolve  upon.  The  lower  end  of  the 
ulna  is  a  fixed  point,  or  nearly  so.  Perhaps,  during  rapid 
ulna  a  fixed  and  forccd  movements,  it  may  be  subjected  to  a  slight 
inclination  in  the  opposite  direction  to  that  of  the  radius, 
that  is  to  say,  inwards  during  supination,  and  outwards  dmdng 
pronation ;  but  this  is  very  slight,  and,  under  ordinary  circum- 
stances, does  not  appear  to  take  place  at  all. 

The  state  of  complete  supination  is  a  forced  and 
uiat  of  ^eat^  I'^thcr  uncomfortablc  position ;  and  the  same  may  be 
est  ease  and      gaid  of  Complete  pronation.     When  at  ease  the  hand 

strength.  fn-  •  t  •   •         -i  •         • 

and  forearm  tail  mto  a  mid-position  between  supmation 
and  pronation ;  and  the  deepest  parts  of  the  opposed  articular  sur- 
faces of  the  radius  and  ulna  are  then  in  contact.  This,  accordingly, 
is  the  position  which  we  select  when  we  wish  to  confine  the  limb  in 
cases  of  fracture  of  the  fore-arm  ;  and  it  is  the  one  in  which  we  can 


1  I  find  that  Mr  Ward  (in  his  Human  Osteology,  p.  312)  describes  correctly  this 
axis  of  rotation  of  the  radius,  and  illustrates  it  by  a  diagram. 
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exert  the  greatest  power  with  the  hand  and  in  pressing  with  the 
pabii.  The  condition  of  complete  pronation  is  more  agreeable,  Iboth 
to  the  feeling  and  the  eye,  than  that  of  complete  supination.  This 
accords  with  the  shape  of  the  articular  surfaces ;  and  it  accords 
also  with  the  position  which  is  permanent  in  most  of  the  lower 
animals. 

Freesu  ination  ^'~'^''  ^^  -"^^^  ^®  remarked,  the  power  of  suj^ination  is 
pecuHar  to  man.  peculiar,  or  almost  peculiar,  to  man  and  quadrumana  among 
mammals.  In  the  greater  number  of  mammals  the  hand  and  arm 
are  used  for  supj)ort  as  well  as  for  prehension;  and  in  proportion  as 
the  former  purpose  is  the  more  important,  so  is  the  configuration  of 
the  radius  more  adapted  for  strength,  and  less  for  rotatory  motion. 
Even  in  carnivorous  animals  a  great  difference  from  the  condition  of 
the  human  fore-arm  is  observable.  The  head  of  the  radius,  instead  of 
presenting  a  circular  facet  to  the  humerus,  is  in  them  transversely  elon- 
gated, its  fore  part  projects,  beyond  the  level  of  the  capitulum,  half-way 
across  the  articular  surface  of  the  humerus,  and  the  bone  can  scarcely 
be  moved  from  the  state  of  pronation.  This  is  still  more  the  case  in 
Eodentia,  Pachydermata,  Euminantia  and  Solidungula;  in  these,  with 
the  exception  of  the  elephant,  the  transversely  elongated  head  of  the 
radius  occupies  the  whole  of  the  fore  part  of  the  elbow-joint,  to  the  entire 
exclusion  of  the  ulna,  the  fore-arm  is  quite  prone,  and  no  supination  is 
possible.  In  the  sloth,  seal,  kangaroo  and  ant-eater,  where  the  anterior 
extremity  is  used  less  for  support  and  more  for  prehension,  &c.  there  is  a 
nearer  approach  to  the  quadrumanous  condition,  the  head  of  the  radius 
is  more  restricted  to  the  outer  condyle  of  the  humerus,  and  the  faculty 
of  supination  is  possessed  by  them  in  a  more  or  less  considerable  degree. 
Of  the  two  bones  of  the  fore-arm  the  radius  is  by  far  the 
Relation  of  the  most  constant  and  the  most  important  in  the  animal  series. 

size  of  the  ulna 

to  the  number  The  size  and  length  of  the  ulna  vary  very  greatly  in  the 
diffei'ent  classes;  its  lower  part  especially  is  often  absent  or 
very  imperfectly  developed,  and  the  varieties  of  this  bone  bear  a  marked 
relation  to  the  development  of  the  digits.  Thus  ia  Man  and  Quadru- 
mana, where  the  proper  complement  of  the  latter  is  Jive,  the  ulna  is  of 
full  size,  and  extends  from  the  elbow  to  the  wrist.  In  Camivora,  where 
one,  or  more,  of  the  digits  is  imperfect,  the  relative  size  of  the  ulna  is 
less,  though  the  olecranon  is  larger.  In  Rodents  also,  where  the 
thumb  is  short,  or  consists  of  two  segments,  or  is  represented  by  only  a 
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single  ossicle,  tlie  ulna  is  comparatively  small;  in  some  it  forms  only 
a  thin  slip  at  tlie  back  of  the  radius,  and  the  olecranon  is  large.  In  the 
elephant,  which  rests  upon  the  extremities  of  five  digits,  the  ulna  is  of 
great  size  and  strength,  entering  largely  into  the  formation  both  of  the 
elbow  and  wrist-joint;  and  the  radius  is  proportionately  small  and  is  con- 
fined to  the  outer  tubercle  of  the  humerus.  In  the  rhinoceros,  which 
has  four  digits,  the  ulna  is  smaller  and  not  seen  in  the  front  of  the 
joint.  The  hippopotamus  bears  upon  only  three  toes,  and  has  a  propor- 
tionately small  ulna,  which  is  in  great  part  blended  with  the  radius.  In 
Huminants,  where  there  are  two  toes,  the  olecranon  is  large,  and  the 
shaft  of  the  ulna  is  reduced  to  a  mere  delicate  sj)lint  or  slip  running 
down  the  back  of  the  radius  to  near  the  carpus.  In  Solidungula, 
which  rest  upon  one  toe,  the  ulna  is  reduced  almost  to  its  olecranon 
portion,  and  the  shaft  is  represented  by  a  thin  splint  which  reaches 
only  a  little  below  the  elbow.  In  the  sloth,  seal,  kangaroo  and  ant-eater, 
the  number  of  toes  is  greater,  and  the  ulna  is  proportionately  larger. 
In  most  Reptiles  there  is  the  full  complement  of  toes,  and  the  iilna 
often  exceeds  the  radius  in  size  and  is  joined  with  the  carpal  bones. 

Tliis  diminution  of  the  size  of  the  ulna,  in  accordance  with  the  lessen- 
ing of  the  number  of  the  digits  in  the  animal  series  as  we  travel  down- 
wards from  man,  is  the  more  peculiar,  because  we  do  not  find  the  sub- 
traction of  the  digits  to  take  place  first  on  the  ulnar^  but  rather  on  the 
radial,  side  of  the  hand;  for  instance,  the  thumb  is  imperfect  or  alto- 
gether suppressed  in  some  animals  (the  rhinoceros  for  instance)  which 
retain  all  the  fingers. 

Notwithstanding  these  variations  in  the  size  of  the  ulna 

Ulna  not  more  ° 

often  uiide-        in  difierent  animals,  it  does  not  appear  that  in  the  human 

veloped  than  i-,-,        i         ^  ,    •  Tii,p-in 

the  radius  in  suDject  its  development  is  more  name  to  tail  than  that  oi 
™*°"  the  radius.     One  or  both  of  these  bones  may  be  absent  or 

more  or  less  defective;  and  this  condition  is  usually  associated  with  an 
absence  or  deficiency  of  a  corresponding  part  of  the  hand. 


THE  ULNA 

diminishes  in  size  from  above  downwards.  It  is  of  considerable 
dimensions  at  the  upper  part,  where  it  enters  largely  into  the  for- 
mation of  the  elbow-joint  and  gives  attachment  to  the  great 
extensor,  as  well  as  to  one  of  the  flexors  of  the  fore-arm,  and  to 
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some  of  the  flexors  and  pronators  of  tlie  hand.  At  the  middle  it 
is  also  very  strong,  and  is  fm-nished  with  projecting  ridges  which 
give  its  section  a  triangular  form.  Just  above  its  lower  articular 
sm-face  it  is  smaller  than  elsewhere,  and  the  ridges  have  disap- 
peared, so  that  it  is  reduced  to  a  mere  neck  carrying  the  lower 
articular  end.  It  presents  two  Curves  in  its  shaft ;  one  of  which 
is  wide,  involving  the  upper  two-thirds  of  its  length,  and  is  directed 
backwards  and  inwards ;  the  other  is  rather  sharper,  involves 
only  the  lower  third  of  the  bone,  and  has  its  convexity  forwards 
and  outwards.  The  most  bent  portion  of  the  ulna  is  that  which 
is  also  the  smallest,  namely,  the  part  just  above  the  lower  end. 
The  Medullary  Canal  is  large  in  proportion  to  the  size  of  the  bone, 
and  runs  the  whole  length  of  the  shaft.  The  Nutritious  Artery 
enters  the  fore  part,  at  a  third  from  the  upper  end,  and  runs 
obliquely  upwards. 

coronoid  pro-  '^^^®  CoTouoid  ])rocess  lias  to  bear  the  chief  force  of 

^^^^  the  trochlea  in  pressing  forwards  with  the  hand;  it  is 

strengthened  by  ridges,  which  descend  from  its  outer  and  inner  edges 
and  converge  upon  the  fore  part  of  the  shaft.  These  ridges  give 
attachment  to  muscles  and  ligaments  ;  and  the  hracMalis  anticus  is 
implanted  into  the  rough  surface  betAveen  them.  So  strong  is  the 
root  of  this  process  that  it  is  very  seldom  broken  off,  though  a  few 
instances  of  the  accident  have  occurred. 

On  the  middle  of  the  broad  upper  surface  of  the  Ole- 

Olecranon.  .  .  i  re 

cranon  there  is  a  slight  prominence  which  has  the  eiiect 
of  distancing  the  triceps  tendon  a  little  from  the  centre  of  motion 
of  the  elbow.  It  is  smooth,  and  a  bursa  intervenes  between  it  and 
the  tendon  which  passes  on  to  the  roughness  beyond  it.  The 
hinder  aspect  of  the  olecranon  presents  a  triangular  surface,  which 
is  covered  by  dense  closely  adhering  longitudinal  stripes  of  fibrous 
tissue  connected  with  the  triceps  tendon  (PL  XXXII.  fig.  2,  G). 
More  distinct  processes  of  the  tendon  pass  along  the  ridges  that 
form  the  lateral  margins  of  this  triangular  surface.  Xear  its  junc- 
ture with  the  ulna  the  olecranon  is  rather  narrower  than  elsewhere. 
It  is  here  liable  to  be  broken  by  falls  upon  the  elbow  or  by  spas- 
modic action  of  the  triceps.     The  fragment  so  detached  is  com- 
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monly,  more  or  less,  drawn  up  by  tire  muscle ;  and,  for  that  and 
other  reasons,  bony  reunion  is  not  to  be  expected. 

Ossification  commences,  in  the  2nd  month,  near  the 
middle  of  the  shaft.  The  upper  extremity  of  the  bone 
is  formed  chiefly  by  the  prolongation  of  the  shaft.  Separate  nuclei 
are,  however,  superadded  from  the  6th  to  the  10th  year;  one, 
pretty  constant,  for  the  olecranon,  which,  in  its  first  appearance,  is 
compared  by  Meckel  to  the  kneepan^;  one,  sometimes,  for  the  coro- 
noid  process,  of  small  size ;  and  another,  rather  larger,  for  the  lesser 
sigmoid  cavity.  That  for  the  olecranon  and  the  other  two  unite  to 
the  shaft  soon  after  puberty.  In  the  lower  end  there  are,  according 
to  Beclard,  two  nuclei,  which  appear  soon  after  birth,  one  for  the 
articular  extremity,  and  one  for  the  styloid  process ;  they  soon 
unite  together,  but  are  not  joined  to  the  shaft  till  near  22.  Accord- 
ing to  Meckel  there  is,  in  the  lower  end,  only  one  nucleus,  which 
does  not  appear  till  the  5th  or  6th  year. 

The  posterior  edge  of  the  ulna  is,  in  a  considerable  pai-t  of  its  extent, 
subcutaneous;  and  it  participates  wdth  the  inner  surface  of  the  tibia, 
which  is  similarly  circumstanced,  in  a  liabiHty  to  be  the  subject  of 
nodes. 


^  Professor  Owen,  in  opposition  to  Vicq-d'Azyr  and  others,  regards  tlie  ole- 
cranon to  be  homologous,  not  with  the  patella,  but  with  an  extension  of  the  upper  end 
of  the  fibula  above  the  knee-joint,  which  is  met  with  in  the  Omithorhynchus  and 
some  other  animals.  He  finds  in  the  Bat  a  sesamoid  bone  superadded  to  the  olecranon 
"which  corresponds  with  a  detached  ossicle  situated  over  the  highly  projecting  upper 
end  of  the  fibula  in  the  Wombat."  "In  certain  bats  there  is  a  development  of  a  sesa- 
moid bone  in  the  tendon  of  the  biceps  brachii,  in  front  of  the  elbow-joint,  which  is  the 
true  homotype  of  the  patella  in  the  leg."  On  the  nature  of  Limbs,  pp.  24  and  19.  I 
cannot  but  feel,  however,  that  there  are  some  strong  grounds  for  adhering  to  the  old 
view  of  the  olecranon  being  truly  the  homotype  of  the  patella.  Of  this,  however,  more 
will  be  said  hereafter.  The  occurrence  of  a  sesamoid  bone  above  the  olecranon,  and 
united  to  it  by  hgament,  has  been  occasionally  observed  in  the  human  subject;  also 
on  the  summit  of  the  coronoid  process.  Jourdan,  Encycl.  Anatomique,  11.  137 ;  Blandin. 
Anat.  I.  161.  In  the  frog  the  olecranon  process  is  wanting,  and  a  substitute  for  it  is 
provided  by  a  thickening  of  the  tendon  of  the  extensor  ctibiti,  where  it  passes  over  the 
joint,  aided  by  the  lower  end  of  the  humerus,  which  is  thrown  out  into  a  prominence 
at  this  part.  In  the  Surinam  toad  there  is  a  sesamoid  bone  interposed,  like  a  patella, 
between  the  tendon  of  the  extensor  cubiti  and  the  elbow-joint.  Catalogue  of  Museum 
of  College  of  Surgeons, 
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THE  RADIUS 

averages  rather  more  tlian  nine  inclies  in  length.  Its  shape  is, 
in  manj  respects,  the  reverse  of  that  of  the  iihia.  It  is  constricted 
above,  instead  of  helow,  and  it  increases  in  size  from  the  upper 
towards  the  lower  end.  It  forms  but  a  comparatively  small  part 
of  the  elbow-joint,  whereas  it  is  the  chief  bone  of  the  wrist.  Its 
upper  articular  surface  for  connection  with  the  ulna  is  convex ;  the 
lower  is  concave.  Its  shaft  presents,  like  that  of  the  ulna,  two 
Curves;  but  they  are  in  opposite  direction  to  tlie  cmwes  in  the 
latter  bone ;  the  upper  is  the  sharper,  occupies  the  superior  third 
of  the  bone,  and  has  its  convexity  inwards  and  forwards ;  the 
lower  is  wider,  occupies  the  lower  two-thirds,  and  has  its  con- 
vexity outwards  and  backwards.  Hence  the  two  bones  are  bent 
towards  one  another  in  the  upper  part  of  the  fore-arm,  which  renders 
the  interosseous  space  there  narrow ;  whereas,  lower  down,  they  are 
bent  away  from  one  another,  and  the  interosseous  space  is  wider ^. 
Besides  the  secondary  curves  in  their  shafts  both  the  radius  and 
ulna  present  a  primary  curve,  with  the  concavity  in  front,  involving 
their  whole  length,  which  is  for  the  purpose  of  affording  more 
space  and  better  leverage  to  the  flexor  muscles  of  the  hand  and 
fingers. 

The  most  prominent  part  of  the  superior  curve  of 

Attacliment  of  .  . 

biceps  tendon  the  radius  givcs  attachment  to  the  great  supinator  of 
nent  part  of  the  the  fore-ami — the  hiceps  muscle;  and  the  bone  is  here 
upper  curve,  ^hrowu  out  into  Still  greater  prominence,  by  the  forma- 
tion of  the  Tubercle,  for  the  purpose  of  increasing  the  leverage  of 
that  muscle.  The  tendon  of  the  biceps  is  implanted  into  the  pro- 
iectina;  posterior  edge  of  the  tubercle  and  into  the  rouffh 

The  tubercle.       "^  .,,.,.       ^     .  ,     „  ,  ^ 

space  just  behind  it,  being  separated  from  the  smooth 
fore  part  of  the  tubercle  by  a  bursa,  thus  obtaining,  in  every  posi- 
tion of  the  bone,  all  the  advantages  which  the  tubercle  affords. 


^  In  the  monkey  the  radius  describes  a  considerably  bolder,  as  well  as  longer,  curve 
in  its  lower  part  than  it  does  in  man ;  and  the  interosseous  space  is  proportionately 
wider. 
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The  action  of  this  strong  muscle  upon  the  tubercle  of  the  radius 
renders  the  power  of  supination  greater  than  that  of  pronation ;  and 
the  tools  of  workmen  are,  for  this  reason,  so  made,  that  screw- 
driving,  gimlet-turning,  and  mechanical  work  of  the  like  kind,  is 
done  by  supination  of  the  right  hand.  From  the  tubercle  a  strong 
ridge  runs  upwards  and  outwards,  in  front  of  the  neck, 
ingandde-  '  towards  the  head  of  the  bone;  and  another  ridge  runs 
scendmg  from    ^gwnwards  and  outwards  to  the  exterior  of  the  fore  part 

the  tubercle.  ^ 

of  the  shaft,  near  its  middle.  These  ridges  strengthen 
the  radius  in  the  two  directions  into  which  the  force  of  the  biceps 
muscle  is  resolved  in  its  efforts  to  supinate  the  radius. 

Just  as  the  great  supinator  is  attached  to  the  most 

Attachment  of  _  . 

pronator  teres  promincut  part  of  the  convexity  of  the  upper  curve  of 
nentpartofthe  the  radius,  wliicli  is  on  the  inner  side,  so  is  the  great 
lower  curve.  proncitoT — tlic  pronator  teres — attached  to  the  most  pro- 
minent part  of  the  convexity  of  the  lower  curve,  which  is  on  the 
outer  side.  A  rough  space,  a  little  above  the  middle,  on  the  ex- 
terior of  the  shaft,  indicates  the  point  of  insertion  of  the  tendon 
of  this  muscle,  which,  like  that  of  the  biceps,  takes  all  possible 
advantage  of  the  leverage  afforded  by  the  shape  of  the  radius, 
inasmuch  as  it  runs  nearly  to  the  lower  edge  of  the  rounded  outer 
margin  of  the  bone. 

Ridge  on  ^  Very  prominent  and  sharp  ridge  runs  along  the 

ulnar  side.  inner  edge  of  the  radius,  in  the  arc  of  its  lower  curve. 
It  gives  attachment  to  the  interosseous  ligament,  and  contributes 
greatly  to  tlie  strength  of  the  bone  at  a  part  where  such  assistance 
is  much  needed.  Above,  it  is  smoothed  down  before  it  reaches 
the  tubercle,  because  the  presence  of  so  sharp  a  ridge  there  would 
have  been  a  hindrance  to  the  free  movement  of  the  radius  in  pro- 
nation and  supination.  Below,  the  inner  edge  is  flattened  so  as  to 
form  a  broad  surface  which  presents  a  concave  facet  for  articula- 
tion with  the  ulna. 

Medullary  ^\\&  foramen  for  the  medullary  artery  is  situated  a 

foramen.  little  lowcr  dowu  than  that  of  the  ulna. 

Bend  at  lower  -^  slight  bcud,  with  the  convcxity  backwards,  at  the 

part.  inner  part  of  the  shaft,  has  the  effect  of  slanting  the 

lower  end  of  the  bone  forwards,  so  as  to  give  it  the  best  direction 
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for  receiving  the  forces  that  are  transmitted  to  it  from  the  palm 
when  pressure  is  made  with  the  hand,  or  when  we  fall  upon  the 
hand. 

This  part  of  the  radius,  however,  being  so  much  exposed  to  violence,  is 
frequently  broken.  The  upper  fractured  end  is,  in  most  instances,  driven 
in  front  of  the  other,  the  hne  between  them  being  more  or  less  oblique '. 
Fractures  may  also  occur  at  any  other  pai*t  of  the  bone ;  indeed  they  are 
fr'equent  at  every  part. 

Ossification  commences  in  the  shaft  at  the  same  time 

Development.  ,  t     i        • 

as,  or  a  little  earlier  tlian,  m  the  ulna,  it  begins,  m 
the  2nd  year,  in  the  lower  epiphysis,  which  is  united  to  the  shaft 
at  about  20;  and  in  the  8th  or  9th  year,  in  the  upper  epiphysis^, 
which  is  joined  to  the  shaft  in  the  13th  year. 

A  pecviliar  feature  in  the  pathology  of  the  radius  is  the  liability  of 
its  lower  end  to  become  enlarged  in  children  of  strumous  habit.  The 
ulna  sometimes  undergoes  the  same  change;  this  takes  place  in  no  other 
bones  with  anything  like  the  same  frequency  or  to  the  same  extent. 
The  lower  end  of  tlie  radius  is  sometimes  the  seat  of  acute  inflamma- 
tion, causing  ulceration  at  the  epij)hysis^ 


THE   HAND 

is  the  most  important  part  of  the  whole  limb,  inasmuch  as  it  is  the  part 
to  which  all  the  rest  is  subservient.  The  office  of  the  shoulder,  arm  and 
fore-arm,  is  to  bear  the  hand,  and  to  carry  it  at  a  convenient  distance 
from  the  trunk  so  that  it  may  enjoy  a  sufficient  range  of  movement, 


1  In  consequence  of  its  proximity  to  the  wrist-joint,  fractures  of  this  part  of  the 
radius  are  rather  difficult  to  discover,  and  they  are  very  often  overlooked.  Fre- 
quently they  are  mistaken  for  dislocation  of  the  wrist,  which  is  strange,  since  it  is, 
or  ought  to  be,  a  well-known  fact  that  dislocation  of  that  joint  is  of  very  rare  occur- 
rence. 

2  It  is  stated  in  Quain's  Anatomy/  that  ossification  begins  in  the  upper  epiphysis 
before  the  fifth  year. 

3  In  Sandifort's  Museum  Anatornicv/m,  ii.  Tab.  v.  is  the  representation  of  the 
bones  of  the  extremities  of  a  rickety  subject,  in  which  both  radius  and  ulna  are  greatly 
curved  inwards  at  the  junction  of  the  middle  and  upper  thirds,  the  ulna  forming  the 
concavity  and  the  radius  the  convexity  of  the  curve;  the  leg  is  also  curved,  the 
fibula  being  on  the  concave,  the  tibia  on  the  convex  side. 

25 
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and  be  able  (in  man)  to  be  applied  to  every  part  of  the  body.  In  some 
animals  (Cetaceans)  the  hand  is  fully  developed,  although  the  rest  of  the 
limb  is  only  rvidimentary ;  and  in  some  examples  of  monstrosity  in  the 
human  subject  it  is  present  and  appended  to  the  trunk,  although  the 
other  segments  of  the  extremity  are  wanting.  The  human  hand  is  not 
to  be  distinguished  by  its  size,  being  exceeded  in  this  particular  by  that 
of  the  monkey  and  of  some  other  animals;  nor  by  the  number  of 
its  bones;  but  by  the  relative  proportions  of  its  several  components, 
and  by  the  variety  and  nicety  of  movement  which  they  enjoy.  In 
Quadrumana,  for  instance,  the  metacarpal  bones  and  phalanges  are  much 
lar-ger  and  longer  in  proportion  to  the  carpus  than  in  man,  which  gives 
a  great  extent  and  strength  of  grasp  to  those  animals;  but  the  move- 
ments of  the  fingers  are  less  delicate  and  exact,  and  the  hand  is, 
therefore,  less  adapted  to  fulfil  the  office  of  ministering  to  an  intelligent 
will  than  it  is  in  man. 

The  chief  distinguishing  features  of  the  human  hand  are, 

The  thumb. 

however,  to  be  found  in  the  thumb.  It,  at  once  powerful  and 
capable  of  great  variety  of  movement,  stands  out  from  the  palm  so  as 
to  increase  greatly  the  width  of  the  hand;  and  it  is  so  constructed  that 
it  can  be  brought  in  opposition  to  each  of  the  fingers  with  the  greatest 
facility.  When  the  hand  is  opened  the  fingers  and  thumb  all  diverge 
from  one  another,  and  cover  a  large  area.  When  the  hand  is  being  shut 
they  all  converge  together;  the  fingers  are  first  bent  a  little,  and  their 
tips  are  brought  to  a  level  with  that  of  the  thumb,  so  as  to  enclose  a  cup'- 
shaped  cavity,  in  which  objects  may  be  safely  held;  and  then,  by  a  slight 
effort,  the  pulps  of  the  four  fingers  may  be  made  to  converge  upon  the 
thumb,  or  the  latter  may  be  opposed  to  each  separately.  As  the 
fingers  are  further  bent  they  are  folded  down  nearly  in  the  planes  of 
their  respective  metacarpal  bones,  and  the  thumb  is  folded  beneath 
them,  or  is  laid  upon  them  so  as  to  strengthen  their  gi^asp.  Thus  the 
thumb,  by  its  relation  to  the  palmar  surfaces  of  the  fingers,  acts  as  an 
antagonist  when  we  grasp  a  body  with  the  whole  hand;  and,  by  its  rela- 
tion to  their  dorsal  aspects,  it  assists  them,  and  gives  increased  security 
to  the  clenched  fist. 
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THE   CAEPUS 

forms  a  centre,  from  which  all  tlie  other  bones  of  the  hand  radiate, 
and  npon  which  they  all,  directly  or  indirectly,  rest,  so  that  they 
are  carried  together  with  it  in  the  pronation  and  supination  of  the 
fore-arm,  and  in  the  movements  of  the  hand  upon  the  fore-arm. 
The  eight  bones  which  compose  the  carpus  are  formed  of  close 
cancellous  tissue  surromided  by  a  layer  of  compact  bone,  are 
jointed  to  one  another  by  a  considerable  extent  of  surface,  and  are 
Great stren^'th  '^^ited  by  vcry  stout  ligaments;  hence  the  wrist  is  as 
of  the  wist.  strong  as  if  it  had  been  constructed  of  one  solid  piece 
of  bone;  while  the  slight  gliding  movements  which  take  place 
between  the  several  bones  give  to  it  an  elasticity  which  serves 
to  break  the  jars  that  result  from  falls  and  blows  upon  the  hand. 
Moreover,  the  several  bones  are  joined  to  one  another  by  a  large 
extent  of  surface ;  but  each  one  is  united  to  three  or  more  others ; 
and  their  sm-faces  are  so  variously  moulded,  and  obliquely  arranged 
with  regard  to  each  other,  that  forces  received  by  one  are  broken 
and  dispersed  among  the  others,  and  are  so  resolved  that,  unless 
they  be  of  a  very  severe  crushing  nature,  they  fail  to  produce 
any  injury  at  the  wrist.  Were  it  not  for  these  provisions  fractures 
of  the  radius  would  be  far  more  common  than  they  now  are. 
Indeed  it  would  have  been  necessary  that  the  whole  extremity 
should  have  been  more  stoutly  and  heavily  constructed  to  possess 
its  present  amount  of  strength. 

Convex  dorsal  The  boucs  are  so  arranged  that  the  carpus  presents 

^aknai^a^pects  ^  dorsal,  Comparatively  even,  convex  sm'face  upon  which 
of  carpus.  fj^e  exteusor  tendons  play,  and  a  palmar  concave  surface 
on  which  the  flexor  tendons  lie.  The  latter  sm-face  is  surmounted 
on  either  side  by  two  marked  projections — the  process  of  the  unci- 
form bone  and  the  pisiform  bone  on  the  ulnar  side,  and  the  edges 
of  the  trapezium  and  trapezoides  on  the  radial  side.  The  pro- 
jections are  bound  together,  and  are  connected  with  those  of  the 
opposite  side  by  strong  ligamentous  bands,  which  pass  across  the 

2o— 2 
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wrist  and  form  the  anterior  palmar  arch.  These  ligaments  gird 
the  bones  in  a  powerful  manner,  protect  the  subjacent  parts,  and 
constitute  a  pulley  on  which  the  flexor  tendons  play.  In  the 
centre  of  the  concavity  of  the  carpus  is  a  slight  prominence, 
formed  by  the  os  magnum;  ligaments  converge  to  this  from  the 
various  surrounding  bones,  strengthening  still  further  the  palmar 
arch,  and  giving  an  evenness  to  that  surface  which,  in  the  dried 
state,  seems  very  unfavourable  to  the  play  of  tendons. 
Hand  and  carpus       The  Pisiform  hone  Scarcely  enters  into  the  compo- 

divided  into  a         • ,  •  j?  j.i  Tj.     •  j.i  j.       i  i     i 

midcUe  and  two  ^itiou  01  the  carpus.  it  IS  rather  to  be  regarded  as 
lateral  parts.  ^  scsamoid  boiic,  or  as  a  process  for  the  attachment 
of  tendons  and  ligaments^.  The  other  three  bones  of  the  upper 
row — the  Scaphoid,  Semilunar  and  Cuneiform — present  together  a 
convex  surface  which  is  received  into  the  concavity  formed  by 
the  radius  and  the  triangular  ligament.  The  Semilunar,  or 
middle  bone  of  the  three,  bears  the  Os  magnum,,  which,  in  turn, 
carries  the  metacarpal  bone  of  the  middle  or  longest  and  largest 
finger.  In  consequence  of  this  finger  projecting  beyond  the 
others,  and  of  its  knuckle  being  also  more  prominent  than 
any  of  the  other  knuckles,  its  metacarpal  bone  has  to  bear  the 
severest  blows  and  pressure.  It  is  accordingly  thicker  than 
the  other  metacarpals;  and  forces  are  transmitted  from  it  to  the 
OS  magnum,  which  is  the  largest  and  most  central  bone  of  the 
wrist,  and  which  terminates  in  a  ball  fitted  into  the  concavity  of 
the  semilunar  and  scaphoid  bones  (PL  XXXIII.  fig.  1).  The 
forces  transmitted  through  the  os  magnum  are  chiefly  received  by 
the  semilunar  bone,. and  by  it  again  are  transmitted  to  the  inner, 
or  most  strongly  supported,  division  of  the  articular  surface  of  the 
radius. 

The  Scaphoid  carries  two  bones  of  the  second  row,  viz.  the 
Trapezium  and  Trapezoides,  and,  with  them,  the  thumb  and  fore- 
finger. The  Cuneiform  bone,  in  like  manner,  carries  the  Unciform, 
which  is  equivalent  to  two  bones,  being  sometimes  developed  from 
two  nuclei  in  man,  and  consisting  permanently  of  two  bones  in 


^  "Ad  carpum  revera  non  pertinet." — ALhinus. 
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turtles  and  some  otlier  reptiles;  and  the  nnciform  carries  tlie  two 
smaller  fingers. 

Thus  the  hand  and  carpus  may  be  described  to  con- 
Hand,  and  car-       _  .  rm 
pus  in  three      sist  of  three  dwisions ;  a  middle  and  two  lateral.     The 

middle  division,  which  is  the  most  essential  element, 

is  composed  of  the  middle,  or  large,  finger,  with  the  os  magnum 

and  semilunar  bones,   which  are  carried  upon  the   ulnar  side  of 

the  radius.     The  outer  division  consists  of  the  thumb  and  index 

fingers,  with  the  trapezium  and  trapczoides,  all  carried  upon  the 

scaphoid  bone,  which  rests  upon  the  styloid  portion  of  the  articular 

sm-face  of  the  radius.     The  inner  division,  consisting  of  the  two 

lesser  fingers,  is  carried,  by  the  unciform  and  cuneiform   bones, 

upon  the  articular  facet  of  the  ulna,  through  the  intervention  of 

the   triangular   fibro-cartilaginous   ligament.     The  distribution  of 

the  nerves  into  median,  radial,   and   ulnar  branches,  con-esponds 

generally,  though  not  by  any  means  exactly,  with  this  tripartite 

division  of  the  hand.     The  arrangement  of  the  interosseous  muscles 

also  accords  with  it;  those  on  the  palmar  aspect  being  adductors  to, 

and  those  on  the  dorsal  aspect  being  all  abductors  from,  a  line  drawn 

through  the  middle  finger;  and,  associated  with  the  arrangement 

of  these  muscles,  is  the  manner  in  which,  during  flexion,  all  the 

other  fingers  and  the  thumb  are  approximated  towards  the  line  of 

the  middle  finger,  and  in  wdiicli,  during  extension,  they  all  diverge 

from  it. 

The  radius,  as  just  said,  carries  the  two  outer  divisions  of  the  hand, 
through  the  raedium  of  the  scaphoid  and  semilunar  bones;  and  the  uhia 
carries  the  inner  division  through  the  medium  of  the  cuneiform  bone. 
This  disposition  prevails  generally  throughout  the  animal  kingdom  j  and 
some  curious  modifications  in  the  arrangement  of  the  bones  are  insti- 
tuted, here  and  there,  as  it  were,  for  the  purpose  of  maintaining  it. 

I  speak  of  the  middle  division  of  the  hand  as  the  most 
division  most  essential  of  the  three,  not  only  because  it  has  the  largest 
constant  in        finger,  and  because  each  of  its  carpal  and  metacarpal  por- 

animals;  j-  ±         i 

tions  is  the  key-stone  of  the  transverse  arch  of  which  it 
foinns  a  part — thus,  the  semilunar  bone  may  be  called  the  key-stone  of 
the  fii'st  row  or  arch,  the  magnum  of  the  second,  and  the  head  of  the 
metacarpal  bone  of  the  third — but  also  because  it  is  the  most  constant 
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in  tlie  animal  series.  Gradually,  in  the  various  mammalian  classes, 
we  find  the  other  digits  disappear,  first  the  thumb,  then  the  others, 
leaving  this  one  alone.  In  Quadrumana  and  in  the  elephant,  as  in 
man,  they  are  all  five  present;  though,  in  the  elejohant,  the  thumb  has 
lost  a  bone  and  consists  of  two  phalanges  instead  of  three.  In  the  hip- 
popotamus the  thumb  is  wanting.  In  the  rhinoceros  the  little  finger  has 
likewise  disappeared,  leaving  only  three  digits.  In  Huminants  the 
index  and  the  middle  digit  remain;  and  in  Solipeds  the  middle  finger  is 
left  alone,  or  with  only  rudimentary  traces  of  the  others,  which  do  not 
reach  the  gTOund. 

It  has  been  remarked  before  (p.  380)  that  the  size  of  the 

so  is  also  the 

radius  upon  ulna  is  Very  variable  in  the  animal  series,  being  infiuenced 
w  ic  1  res  s.  ^^  ^-^^  number  of  the  digits ;  that  in  the  elephant  it  is 
large,  larger  even  than  the  radius;  that  in  the  rhinoceros  it  is  smaller; 
and  that  in  Ruminants  and  Solipeds  it  is  reduced  almost  to  the  ole- 
cranon portion.  The  radius,  on  the  other  hand,  which  is  the  supporter 
of  the  middle  more  constant  division  of  the  hand,  is  always  large,  and 
increases  in  size  as  that  division  acquires  a  greater  prominence  over  the 
others. 

The  j&rst  row  of  carpal  bones  presents  a  wavy,  alter- 

Adaptation  of  .    i  n  f  f        ,i  ,•  c 

two  carpal  iiatelj  coiivex  and  concave,  suriace,  tor  the  reception  oi 
Ztiie°r"''  *^^^  ^®^°^^^^  ^°^  (^^'  XXXIII.  fig.  1).  Thus  the  outer 
or  radial  part,  formed  by  the  outer  half  of  the  scaphoid 
bone,  is  convex,  and  carries  the  trapezium  and  trapezoides.  Then 
comes  a  large  concavity  or  socket,  formed  by  the  inner  half  of  the 
scaphoid  with  the  semilunar  and  the  outer  part  of  the  cuneiform, 
in  which  are  received  the  head  of  the  os  magnum  and  part  of  the 
unciform.  Lastly,  the  innermost  part  of  the  cuneiform  is  slightly 
convex,  and  is  fitted  into  a  corresponding  shallow  cavity  in  the 
unciform.  By  this  means  the  security  of  the  joint  between  the  two 
rows  is  j)rovided  for,  and  rendered  compatible  with  a  certain  amount 
of  movement. 
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THE    METACARPUS. 

j^gj^^^^.  ^  J  The  Metacarpal  hones  resemble  other  long  bones,  ex- 

bones  of  cept  that,  like  the  clavicle,  each  has  only  one  epiphysis, 

which  is  situated  at  its  distal  end.  The  nutritious 
artery  is  directed  towards  the  other  or  carpal  end ;  it  may  com- 
monly be  found  near  the  middle  of  the  shaft,  a  little  on  one  side  of 
the  palmar  edge.  The  upper  extremities  of  the  metacarpal  bones  are 
large  and  set  closely  together.  In  the  case  of  the  index  and  middle 
fingers  they  are  square,  and  are  fixed  so  firmly  to  the  carpus  as  to 
permit  scarcely  any  movement.  In  the  case  of  the  ring  and  little 
fingers  they  are  convex  from  before  backwards,  and  are  so  adapted 

to  the  corresponding  concave  facets  of  the  unciform 
the  two  smaUer  bonc  that  a  slight  hinge-like  movement,  upon  a  trans- 
upon  the  ycrsc  or  obliquc  axis,  is  permitted ;  this  shape  is  most 

marked  in  the  case  of  the  little  finger.  It  enables  the 
distal  extremities  of  the  metacarpal  bones  of  these  two  fingers  to 
be  moved  a  little  forwards,  and  towards  the  thumb,  or  in  an  opposite 
direction ;  thus  increasing  or  diminishing  the  depth  of  the  cup  of 
the  hand,  as  occasion  may  require,  and  permitting  a  movement 
like  that  which  takes  place  between  the  thumb  and  the  trapezium. 

The  metacarpal  bones  are  so  placed  upon  the  wrist 
^ttnu™on  ^s  ^°  iorm  a  transverse  arch,  which  is  continuous  with 
of  the  carpal      )^^^  Qf  ^^^^  carpus,  and  which,  as  just  stated,  can  be 

increased  or  diminished  by  the  movement  of  the  two 
smaller  metacarpal  bones  upon  the  unciform,  and  still  more  by 
the  movement  of  the  thumb  upon  the  trapezium  ^  Each  bone  is 
concave  upon  the  palmar  and  convex  upon  the  dorsal  aspect ;  and 
each  is  strengthened  by  ridges,  of  which  one,  on  the  palmar  surface, 


^  It  results  partly  from  this  disposition  of  the  metacarpal  bones  in  a  curve,  that 
when  the  fingers  are  bent  they  converge  together,  and  that  they  diverge  during  exten- 
sion. The  divergence  in  extension  takes  place,  although  the  extensor  tendons,  which 
effect  the  movement,  radiate,  like  the  flexor  tendons,  from  one  central  point  beneath 
the  annular  ligament  at  the  wrist,  and  have,  therefore,  a  tendency  to  draw  the  fingers 
together. 
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passes  between  the  two  extremities,  in  the  arc  of  the  curve;  and 
tAvo,  on  the  dorsum,  converge  from  the  tubercle,  on  either  side  of 
the  distal  end,  towards  the  middle  of  the  shaft.  The  interosseous 
muscles  are  attached  to  the  lateral  surfaces  which  are  bounded  by 
these  ridges. 

gj  The  metacarpal  bones  of  the  fingers  diverge  from 

away  from  the    quc  another  and  slant  a  little  away  from  the  thumb,  as 

thiunb  a^nfl  1  ,  ,    ^  .      . 

cUverge  from      tiicy  dcsccnd  froui  the  carpus  ;  this  increases  the  width 
of  the  hand  and  the  extent  of  grasp  between  the  fingers 
and  the  thumb,  and  directs  towards  the  radius  forces  which  may 
be  received  at  any  part  of  the  hand. 

The  distal  extremities  of  the  metacarpal  bones  are 

Their  large 

heads  afford  of  large  sizc  to  givc  Strength  and  freedom  of  play  to 
'  the  joints  with  the  fingers.  The  articular  surfaces 
upon  them  are  convex  and  prolonged  forwards  into  knob-like  pro- 
minences on  either  side  (PL  XXXIV.  X,  X) ,  to  which  are  attached 
strong  ligaments  binding  the  metacarpal  bones  together  and  hold- 
ing down  the  sesamoideal  fibro-cartilages.  These  prominences  are 
most  marked  on  the  radial  side  of  the  index  and  on  the  ulnar  side 
of  the  5th  metacarpal ;  between  them,  in  each  bone,  is  a  small  de- 
pression ( 1^)  occupied  by  fat ;  and  at  the  bottom  of  the  depression 
are  foramina  for  the  passage  of  vessels  into  the  head  of  the  bone. 
The  heads  of  the  metacarpal  bones  are  sufficiently  near  together  to 
aiford  support  to  each  other,  and  to  resist  the  tendency  of  the  flexor 
and  extensor  muscles  to  draw  them  together.  They  are  also  united 
together  by  transverse  ligaments  which  prevent  undue  separation 
of  the  fingers.  Hence  the  whole  hand  is  weakened  and  the  power 
of  flexing  and  extending  the  fingers  is  considerably  diminished, 
if  one  of  them  be  removed. 

Point  of  selection  This  is  a  matter  of  practical  importance,  inasmuch  as  it 
in  amputation,  jjears  xipon  the  point  to  be  selected  when  amputation  of  a 
finger  is  required.  The  operation  is  most  frequently  needed  for  the 
middle  finger;  and  if  any  portion  of  the  finger  be  left,  as  a  stump,  it  is 
commonly  fovmd  to  be  in  the  way.  It  is,  therefore,  the  best  practice  to 
take  away  the  whole  finger,  when  it  is  necessary'  to  remove  a  part.  But 
it  is  a  question  whether  the  head  of  the  metacarpal  bone  also  should  be 
taken,  or  whether  it  should  be  left.     If  it  be  left  it  forms  a  projection 
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Avliicli  is  rather  unsiglitly,  tlirowing  the  cicatrix  into  prominence,  per- 
haps retarding  the  sonnd  healing  of  the  wound,  or  rendering  it  liable  to 
be  reopened  by  injury.  If  it  be  removed,  a  certain  amount  of  support 
to  the  other  fingers  is  sacrificed,  in  consequence  of  which  they  incline  too 
much  towards  one  another  and  lose  strength.  Both  these  evils  are 
avoided  by  an  intermediate  procedure,  that  is,  by  removing  the  distal 
half  of  the  head  of  the  bone,  which  would  cause  the  cicatrix  to  project, 
and  lea^dng  the  proximal  half  by  which  the  neighbouring  bones  are 
supported.  For  some  years  I  have  adopted  this  plan,  and  find  it  to 
answer  exceedingly  well. 

The  metacarpal  bones  are  thinnest  and  most  liable 
bones  aud^^  ^^  ^®  bioken  just  above  the  middle,  the  interspaces  be- 
diiferences  be-    twccn  them  are  widcst  at  that  part,  and  the  bellies  of 

tween  them.  ^         ' 

the  interosseous  muscles  are  placed  there.  The  several 
bones  are  easily  distinguished  from  one  another  hy  differences  in 
their  size,  and  by  the  shape  of  their  proximal  extremities.  That  of 
the  index  finger  presents  a  concave,  or  broadly  notched,  surface  to 
receive  the  convex  trapezoides.  That  of  the  2nd  finger  is  flat 
where  it  rests  upon  the  os  magnum ;  and  it  has  a  marked  tooth-like 
process  which  is  received  into  a  depression  between  the  magnum 
and  the  trapezoides.  The  tendon  of  the  extensor  carpi  radialis  lon- 
gior  (PI.  XXXIII.  fig.  2,  P)  runs  over  this  process  to  be  inserted 
into  a  depression  just  below  it,  and  is  thrown  up  by  it  so  as  to  be 
thereby  distanced  a  little  from  the  centre  of  motion.  The  surfaces 
of  the  4tli  and  5th  metacarpal  bones,  which  rest  upon  the  unciform, 
are,  as  before  said,  convex ;  and  that  of  the  4tli  presents  facets  for 
articulation  with  its  neighbours. 


THE    PHALANGES 

form  continuations  of  the  lines  of  the  metacarpal  bones ;  but  they 
are  jointed  with  the  latter  in  such  a  manner  that  they  may  be 
moved  more  readily  and  to  a  greater  extent  towards  the  ulnar 
side,  than  towards  the  radial  side.  This,  like  the  slanting  of  the 
metacarpal  bones  in  the  same  direction  (p.  392),  is  for  the  purpose 
of  increasing  the  width  of  grasp  between  the  fingers  and  the 
thumb. 
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The  phalanges  differ  from  the  metacarpal  tones  in  their  form, 
in  having  the  epiphyses  at  their  proximal  ends,  and  in  having 
the  chief  nutritious  arteries,  which  are  found  a  little  below  the 
middle  of  the  palmar  surface,  directed  towards  their  distal  ends. 
The  narrowest  part  of  each,  where  ossification  commenced,  is  at  or 
near  the  entrance  of  the  nutritious  artery.  They  are  convex  poste- 
teriorly,  where  they  are  covered  by  the  flat  extensor  tendons,  and 
concave  on  the  palmar  surface,  where  they  lodge  the  thick  rope- 
like flexor  tendons.  The  latter  surface  is  bounded,  on  either  side, 
by  a  rough  ridge  for  the  attachment  of  the  strong  sheaths  of 
the  flexor  tendons ;  and  the  two  extremities  of  each  phalanx  are 
rendered  prominent  on  the  same  surface,  for  the  purpose  of  throw- 
ing forward  and  giving  some  leverage  to  the  flexor  tendons. 

Each  terminal   phalanx   presents  an   uneven   emi- 

Peculiarities 

ofteniiinai  ncncc,  near  the  proximal  end  of  its  palmar  surface,  for 
the  attachment  of  the  tendon  of  the  flexor  profundus, 
and  another  more  marked  uneven  eminence  near  its  terminal  ex- 
tremity. From  the  latter  radiate  hundles  of  fibrous  tissue,  which 
traverse  the  fat  and  fibro-cellular  tissue  composing  the  pulp  of  the 
finger,  and  being  implanted  into  the  tough  deeper  layers  of  the  cutis, 
serve  to  maintain  the  connection  between  the  skin  and  the  bone. 
From  the  hinder  surface  of  the  phalanx  fibres  pass  backwards  and 
upwards  towards  the  matrix  of  the  naiP. 

The  close  connection  of  the  phalanges,   particularlv   of 

Liability  to  _  l  a     7    r  j 

necrosis.  i\q  terminal  phalanges,  with  the  fibro-cellular  tissue   and 

with  the  skin  of  the  fingers,  is  the  reason  that  inflammation  spreads  to 
them  so  easily  when  the  superficial  structures  are  afiected,  and  that  they 
are  liable  to  necrosis.  Hence  whitlow  is  often  attended  with  the  loss  of 
one  or  more  of  the  phalanges.  It  should  be  borne  in  mind  that  the 
destruction  is  sometimes  confined  to  the  thick  extremity  of  the  ter- 
minal phalanx;  and  that  sufiicient  of  the  bone  may  remain,  after  the 
removal  of  this  decayed  piece,  to  support  the  nail  and  to  preserve  a 
tisefal  joint  to  the  finger. 


^  See   representation   of  similar  disposition  of  sti'uctures  in  section  of  terminal 
halanx  of  great  toe.     (PL  LVIII.) 
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Expansion  of  The  expansion   of  the   ends   of  the  terminal  j^halanges 

ti  s"  ''^iiiar  t  ^^^'^'^s  the  ptQ'pose  of  Supporting  the  pulp  of  the  fingers,  as 
man- '  well  as  the  nail,  and  so  ministers  to  the  sense  of  touch  ;  it  is 

almost  pectdiar  to  man.  A  similar  conformation  is  observable  in  the 
corresponding  bone — the  coffin-bone — of  the  horse's  foot,  which  is  ex- 
panded to  give  a  wider  base  of  support,  and  to  carry  the  sensitive  frog. 
In  some  animals,  as  the  turtle,  the  ungual  phalanges  are  of  great  size 
and  length  in  proportion  to  the  other  bones.  In  the  feline  tribe  they 
are  retracted  upon  the  sides  or  back  of  the  2nd  phalanges,  and  are  held 
in  this  position  by  elastic  ligaments,  except  when  they  are  thrown  for- 
ward by  the  flexor  muscles  for  the  purpose  of  seizing  some  object. 
Bones  of  the  "^^^^  tluimb  consists  of  three  bones,  instead  of  four  like  the 

thumb  consist    other  fingers  j  and  it  has  always  been  a  question  whether 

of  a  metacai-pal 

bone  and  two  all  three  are  to  be  regarded  as  phalanges,  or  whether  that 
p  anges.  forming  the  pi"oximal  segment  is  a  metacarpal  bone.  In 
favour  of  the  former  view  it  may  be  lu'ged  that  the  proximal  bone,  in  its 
development  and  general  shape,  and  in  the  direction  of  its  nutritious  arteiy, 
corresponds  with  the  phalanges'.  In  favour  of  the  latter  view  several 
reasons  may  be  given.  First,  the  proximal  bone  rests  upon  the  carpus ; 
being  set  upon  the  trapezium  and  forming  with  it  a  joint,  not  tinlike 
that  of  the  smallest  metacarpal  bone  wdth  the  unciform,  though  admit- 
ting of  greater  variety  and  freedom  of  movement.  Secondly,  the  lower 
end  of  the  proximal  bone  is  convex  like  those  of  the  other  meta- 
carpal bones,  instead  of  being  concavo-convex,  or  trochleariform,  like 
those  of  the  phalanges;  and  its  articular  surface  is  prolonged  upon  the 
palmar  aspect  by  means  of  tubercular  processes,  with  a  depression  between 
them  occupied  by  fat,  and  by  vessels  passing  into  the  head  of  the  bone, 
just  as  in  the  case  of  the  other  metacarpals.  Thirdly .,  the  second  bone 
is,  at  its  ba,se,  shaped  more  like  a  first  phalanx  than  a  second  jjhalanx; 
it  has  two  sesamoid  hones  appended  to  it,  instead  of  one  sesamoid  body  ; 
it  receives  the  tendons  of  the  short  flexor,  the  abductor  and  the  adductor 
muscles,  not  the  tendon  of  a  long  flexor.  It  is  evident,  in  short,  that 
the  fii'st  bone  is  neither  ti-uly  a  metacarpal  bone  nor  a  phalanx,  but  is 
intermediate  between  the  two.     Taking  all  things  into  consideration. 


^  In  the  fins  of  Fishes  (with  the  exception  of  the  polypterus)  the  metacarpals  are 
considered  to  he  wanting;  the  rays,  which  are  supposed  to  correspond  with  the  fingers, 
though  they  far  exceed  them  in  niunber,  being  sustained  immediately  by  the  carpal 
bones.     Van  der  Hoeven's  Handhoolc,  il.  1 7. 
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it  is  perhaps  most  correct,  as  it  is  certainly  most  convenient  for  descrip- 
tion, to  continue  to  call  it  a  metacarpal  bone,  and  to  consider  that  the 
second  phalanx,  with  its  flexor  perforatns  tendon,  is  the  digital  segment 
wlaich  is  missing  in  the  thnmb  \ 

Development  '^^^^  Carpal  bones  are  modelled  in  cartilage  by  the 

of  carpal  bones,  3j.(J  nioiitli,  SO  that  their  shape  can  be  distinguished. 
Ossification  is  late,  not  beginning  in  the  Magnum  till  near  the  end 
of  the  1st  year.  It  soon  follows  in  the  Unciform,  which  is  said,  by 
Cloquet  and  some  other  anatomists,  to  have  two  centres  corre- 
sponding with  the  two  separate  bones  in  reptiles,  of  which  it  is  the 
representative.  It  begins  in  the  cmieiform^  at  about  the  3rd  year ; 
in  the  trapezium  and  semilunar  at  about  the  5th ;  in  the  scaphoid, 
near  its  inner  part,  where  it  does  not  rest  upon  the  radius,  at  about 
the  6th ;  in  the  trapezoid  at  about  the  8th ;  and  in  the  pisiform, 
which  is  the  latest  in  the  body,  at  about  the  12th  or  14th  year. 
of  metacarpal  ^"^  ^^  metacarpal  bones  the  ossification  of  the  shafts 

bones,  commences  soon  after  that  in  the  bones  of  the  fore-arm, 

that  is,  at  the  end  of  the  2nd,  or  in  the  early  part  of  the  3rd, 
month.  Each  upper  end  is  developed  from  the  same  nucleus  as  the 
shaft ;  the  epiphysis  at  the  lower  end  begins  to  ossify  in  the  3rd 
year,  and  is  united  with  the  shaft  at  about  the  20th  year. 

The  ossification  of  the  phalanges  takes  place  from 

of  phalanges.  _  . 

nuclei,  for  the  shafts  and  lower  ends,  which  appear  in 
the  first  row  soon  after  the  corresponding  nuclei  in  the  metacarpal 


^  This  view  derives  confirmation  from  comparative  anatomy,  inasmuch  as  the  number 
of  phalanges  is  subject  to  some  variety  in  the  lower  animals ;  thus  the  third  and  fourth 
fingers  of  some  saurian  reptiles  have  four  or  five  phalanges  each,  whereas  the  fingers 
and  toes  of  the  land  tortoises  have  only  two  each,  the  two  distal  bones  being  apparently 
fused  into  the  one  large  hooked  imgual  phalanx.  Moreover,  we  occasionally  find 
children  born  with  two  phalanges  in  each  of  the  fingers  and  toes,  instead  of  three. 
I  have  just  dissected  an  instance,  in  which  only  the  proximal  and  ungual  phalanges 
of  each  of  the  four  outer  toes  were  present;  and  in  the  poUex  there  was  only  the 
ungual  phalanx,  which  rested  upon  the  metatarsal  bone.  In  the  hand  there  was  a 
similar  deficiency  in  the  fingers  ;  and  the  ungual  phalanges  were  all  fused  together 
into  one  bone,  which  was  covered  by  a  broad  plate  of  nail.  In  the  thumb  a  diminutive 
first  phalanx  was  placed  at  the  side  of  the  joint  of  the  ungual  phalanx  with  the  meta- 
carpal bone. 

^  The  magnum  and  cuneiform  are  the  only  carpal  bones  in  which  ossification  has 
taken  place  in  the  Sicilian  dwarf,  set.  lo  years,  in  the  College  of  Surgeons. 
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bones.  The  epiphyses  for  tlie  upper  ends  begin  to  ossify  in  the 
end  of  the  3rd  year,  and  are  united  to  the  shafts  about  the  20th 
year.     The  ossification  of  the  2nd  and  3rd  rows  is  someAvhat  later. 

The  hand  of  the  Quadrumanoiis  animal  differs  from  that 

Hand  of  the 

Quadrumanous  of  man,  first,  and  especially,  in  the  shortness  and  weakness 
amma .  ^^  ^-^^  tliumbj  whicli  barely  reaches  to  the  level  of  the  head 

of  the  metacarpal  bone  of  the  forefinger;  the  little  finger  is  also  compara- 
tively small;  the  "srast-bones,  tliough  more  numerous,  owing  to  the  pre- 
sence of  an  additional  bone  between  the  scaphoid  and  trapezoid,  as  well  as 
of  two  sesamoid  bones  in  front  of  the  scaphoid,  are  smaller,  particularly 
the  trapezium  and  trapezoides ;  the  metacarjDal  bones  and  phalanges,  with 
the  exception  of  those  of  the  thumb,  are  longer;  and  the  1st  phalanges  are 
as  long  as  the  2nd  and  3rd  put  together  ' :  hence  the  hand  is  longer  and 
straighter  in  proportion  to  its  breadth,  and  is  more  adapted  for  clinging 
and  climbing  than  for  the  variety  of  accurate  movements  and  nume- 
rous purposes  to  which  the  human  hand  is  fitted  by  the  nice  adaptation 
of  its  several  parts  to  one  another.  The  components  of  the  ape's  hand 
are  constructed  with  reference  to  external  objects;  those  of  the  human 
hand  with  more  reference  to  one  another,  as  is  exemplified  by  the  manner 
in  which  the  fingers  and  the  thumb  can  be  brought  together  ^ 
Liability  to  car-  A  remarkable  feature  in  the  pathology  of  the  hand  is 
and^riieum^''  the  Kability  of  the  phalanges  and  metacarpal  bones  to  the 
tism.  formation  of  cartilage  tumours,  which  pervade  their  mterior 


1  Ilg,  MonograpMe  der  Sehnenrollen,  Zweite  Ahschnitt,  Prag.  1824,  s.  6. 

2  Meckel,  Hcmdbvxh  der  Anatomie,  i.  220,  says  that  a  gtli  bone  is  sometimes 
found  in  man,  between  the  trapezoid  and  magnum,  corresponding  to  one  in  the  ape. 
The  9th  bone  in  that  animal  is,  however,  usually  between  the  scaphoid  and  trapezoid. 
Ilg  describes  two  sesamoid  bones,  in  addition,  in  the  ape's  wrist ;  one  on  the  radial 
side,  between  the  scaphoid  and  trapezium,  connected  with  the  lateral  ligament  and  the 
abductor  pollicis ;  and  the  other  in  the  anterior  ligament  of  the  wrist  in  front  of  the 
upper  part  of  the  scaphoid  bone.  In  a  case  of  congenital  dislocation  of  the  wrist 
described  by  jMt  R.  W.  Smith,  Treatise  on  Fractures  and  Dislocations,  Dublin,  1847, 
p.  252,  the  semilunar  bone  consisted  of  two  perfectly  distinct  portions,  an  anterior  and 
a  posterior.  This  author  relates  three  other  cases  of  congenital  dislocation  of  the  wrist, 
in  which  the  bones  of  the  fore-arm  were  short  and  defective  at  the  lower  end,  and 
presented  an  articulating  facet  for  the  carpus  upon  the  anterior  or  posterior  surface ; 
the  carpal  bones  of  the  front  row  were  either  defective  or  small  and  misshapen  in 
each.  In  the  skeleton  of  a  negro  in  the  Jardiu  des  Plantes,  there  are  only  three  bones 
in  the  first  row  of  the  carpus,  the  semilunar  and  cuneiform  being  united  on  both  sides. 
Jourdan,  Encycl.  Anai.  11.  139. 
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as  well  as  grow  upon  tlieir  outsides.  These  affect  the  metacarpal  bones 
and  all  the  phalanges ;  the  terminal  phalanges  and  those  of  the  thumb 
less  often  than  the  othei;s.  Their  frequent  occurrence  in  this  part  of 
the  skeleton  must  be  the  result  of  some  peculiaidty  in  it,  though  it  is 
not  clear  wherein  that  peculiarity  consists.  The  several  joints  of  the 
hand  and  wrist  are  often  the  seat  of  chronic  rheumatism,  and  become 
in  various  ways  nodulated,  distorted  and  fixed,  or  ankylosed  thereby. 
The  predis];)osition  to  this  malady  is  probably  induced  in  them  partly  by 
the  exposiire  of  the  hand  to  cold;  but  must  be  partly  also  owing  to 
some  peculiarity  in  the  constmction  of  the  joints.  In  the  distortion 
which  often  follows,  the  fingers  are  generally  bent  upon  the  metacar- 
pus, and  slanted  away  from  the  thumb;  the  first  phalangeal  joint  is 
commonly  kept  extended,  sometimes  preternaturally  so,  and  the  second 
joint  is  flexed;  the  terminal  phalanx  is,  in  addition  to  being  flexed, 
often  inclined  to  one  side. 
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STERNO-CLAVICULAK  JOINT.    (Plates  XXIII.,  XXVIII.) 

If  we  compare  the  corresponding  articular  surfaces 
facernoTadapt-  ^f  tlic  sternum  and  of  tlie  clavicle,  we  find  that  they 
ed  to  each  prcscut  no  appearance  of  adaptation  to  one  another ;  and 
we  should  never  imagine  that  they  were  intended  to  be 
jointed  together  and  to  play  the  one  upon  the  other.  Nor,  indeed, 
strictly  speaking,  are  they  directly  united ;  for  they  do  not  at  any 
part  touch  one  another,  but  are  entirely  separated  by  the  interar- 
ticular  ligament.  The  facet  upon  the  upper  edge  of  the  manu- 
brium, on  either  side,  is  saddle-shaped,  convex  from  before  back- 
wards, and  a  little  concave  from  within  outwards;  its  longest 
diameter  is  in  the  latter  direction.  The  corresponding  extremity  of 
the  clavicle  is  of  considerable  thickness,  by  far  the  thickest  part  of 
the  bone.  It  is  truncated  obliquely  from  behind,  forwards  and  out- 
wards ;  so  that  its  posterior  edge  is  the  most  prominent,  and  its 
lower  part  is  rather  more  so  than  the  upper.  The  inner  or  articular 
sm-face  is  excavated  in  the  middle,  and  this  gives  a  still  greater 
prominence  to  the  hinder  edge ;  it  is  uneven  in  its  whole  extent, 
except  in  a  small  area  at  the  lower  part,  where  is  a  smooth  facet 
covered  with  cartilage.  This  facet  is  slightly  concave  from  before 
backwards,  in  which  direction  is  its  greatest  diameter  ;  it  is  convex 
from  above  downwards.  It  is  therefore,  in  shape,  just  the  reverse 
of  the  articular  facet  of  the  sternum. 

interarticuiar  '^^^  great  boud  of  uuiou  bctwccn  the  two  bones, 

ligament.  wliich  also  forms   a  cushion  between   them,   adapting 

itself  to  both,  holding  them  together  and  presenting  an  articular 
surface  for  each  to  play  upon,  is  the  Interarticuiar  ligament  or 
Fibro-eartilage  (PI.  XXVIII.  figs.  1  and  2,  E).  It  is  broad,  thick, 
and  very  strong,  is  sometimes  a  little  thicker  at  the  middle  than  at 
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the  circumference,  but  this  varies.  Connected  below  with  the  outer 
edge  of  the  sternal  facet  and  with  the  adjacent  surface  of  the  carti- 
lage of  the  first  rib,  it  passes  obliquely  upwards  and  inwards  to 
the  fossa  on  the  middle  of  the  inner  articular  end  of  the  clavicle, 
and  is  inserted  into  it.  Its  attachment  is  broad  and  surrounds  the 
small  articular  facet  which  exists  here,  except  at  its  lower  part. 
It  is  united  to  both  the  bones  by  means  of  short  thick  tendinous 
fibres.  It  thus  bisects  the  joint;  and  has  a  separate  synovial 
cavity  upon  either  surface,  one  above,  between  it  and  the  facet  on 
the  clavicle,  and-  one  beneath,  between  it  and  the  facet  on  the  ster- 
num. At  the  same  time  that  it  prevents  the  clavicle  from  being 
driven  inwards  and  upwards  from  the  sternum,  it  forms  an  elastic 
cushion  between  the  bones,  which  contributes  to  break  the  jarring 
eiFects  of  blows. 

other  ii"-a-  ^^^^   claviclc  is  furtlicr  bound  to  the  sternum  by 

ments.  other   Strong   ligaments.     First,    the   Posterior  sterno- 

clavicular  ligament  (fig.  2,  K)  passes  from  an  uneven  space  behind 
and  beneath  the  sternal  facet,  upwards  to  the  projecting  posterior 
edge  of  the  inner  extremity  of  the  clavicle ;  it  limits  the  rolling  of 
the  clavicle  forwards  upon  the  sternum.  Secondly,  the  Anterior 
sterno-clavicular  ligament  (fig.  1,  D)  passes,  from  the  prominent 
anterior  margin  of  the  sternal  facet,  upwards  and  forwards,  to  the 


DESCEIPTION  OF  PLATE  XXVIII. 

Fig.  I.  Front  view  of  sterno-clavicular  joints.  A,  A,  cut  edge  of  manubrium. 
B,  first  costal  cartilage.  C,  clavicle.  D,  anterior  sterno-clavicular  ligament.  E,  inter- 
articular  ligament,  separating  the  articular  facet  on  the  sternum  {F)  from  that  on  the 
clavicle  {0).     II,  the  inter-clavicular  ligament.     /,  costo-clavicular  ligament. 

Fig.  1.  Sterno-clavicular  joints  viewed  from  behind.  A,  A,  B,  C,  E,  F,  G,  H,  I, 
the  same  as  in  preceding.  K,  posterior  sterno-clavicular  ligament.  A  vertical  sec- 
tion, from  side  to  side,  has  been  made  through  the  right  joint  to  show  the  inter- 
articular  ligament  (£")  and  its  relation  to  the  articular  surface  of  the  sternum  {F)  and 
of  the  clavicle  {G). 

Fig.  3.  Horizontal  section  of  acromio-clavicular  joint.  A,  the  clavicle.  B,  the 
acromion.     C,  the  ligament  in  front  is  thicker  than  D,  the  ligament  behind. 

Fig.  4.  Vertical  section  from  side  to  side  through  the  acromio-clavicular  joint. 
A,  the  clavicle,  overlaps  B,  the  acromion.  E,  the  ligament  above,  is  thicker  than  F, 
the  ligament  beneath.  The  cartilage  on  the  extremity  of  the  clavicle,  in  this  instance, 
is  very  thick,  and  resembles  fibro-cartilage. 


Fi<x.te  :SXViII. 
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anterior  edge  of  the  clavicle,  and  to  a  slight  notch  which  is  often 
found  in  that  edge.  It  limits  the  rolling  of  the  clavicle  backwards 
upon  the  sternum.  Thirdly,  the  Costo-clavicular  or  Rhomboid  liga- 
ment (fig.  2,  I)  passes,  from  the  upper  and  fore  edge  of  the  costal 
cartilage,  obliquely  inwards,  forwards,  and  upAvards,  to  the  rough 
space  on  the  imder  and  hinder  surface  of  the  clavicle,  near  its 
head.  It  limits  the  elevation  of  the  shoulder.  It  also  limits  the 
movement  of  the  clavicle  forwards  and  backwards,  as  well  as  up- 
wards, thtit  is  to  say,  it  limits  the  movements  in  nearly  every 
direction ;  and  it  resists  the  tendency  of  the  pectoral  and  other 
muscles  to  draw  the  clavicle  inwards,  and  assists  the  interarticular 
ligament  to  prevent  the  bone  being  driven  inwards  over  the  top  of 
the  sternum  by  falls  and  blov/s  upon  the  shoulder.  It  is  a  strong- 
ligament  ;  and  its  distance  from  the  joint  increases  its  efficiency. 
There  is  also  the  Interclavicular  ligament  (fig.  1,  H)  passing  be- 
tween the  upper  edges  of  the  clavicles,  and  forming  an  inverted 
arch  over  the  upper  edge  of  the  sternum,  with  which  it  has  some 
connection. 

Di^ocation  ^^  tliese  ligaments  are  very  strong;  and  tliey  form  so 

rare.  effectual  a  bond   of  union  between  the    sternum   and  the 

clavicle  that,  notwithstanding  the  want  of  adaptation  of  the  two  bones 
and  notwithstanding  the  severe  forces  and  strains  to  which  the  joint  is 
subjected  by  the  action  of  surrounding  muscles  and  by  falls  upon  the 
shoulder,  dislocation  or  severe  injury  of  any  kind  is  of  comparatively 
rare  occurrence.  In  fact,  the  joint  is  stronger  than  the  collar-bone;  and 
the  latter,  accordingly,  gives  way  far  more  frequently  than  the  former. 
Dislocation  does,  however,  occasionally  take  place.  The  head  of  the 
clavicle  may  be  driven  above  the  sternum,  a  little  behind  it  or  a  little 
in  front ;  the  latter  is  the  more  frequent.  To  permit  either  of  these 
displacements,  all  the  ligaments,  with  the  exception  of  the  interclavi- 
cular, must  be  torn  through.  They  were  so  in  a  case  of  dislocation 
forwards  which  I  had  the  ojiportunity  of  dissecting;  the  interarticular 
ligament  was  rent  from  its  attachment  to  the  clavicle.  All  the  bonds 
of  connection  being  thiis  destroyed,  and  the  shape  of  the  bony  surfaces 
rendering  the  surgeon  no  assistance,  it  is  very  difficult  to  maintain  the 
displaced  clavicle  in  correct  position;  and  various  devices  have  been 
resorted  to  for  the  purpose  of  supporting  the  shordder  and  holding  down 
the  end  of  the  bone,   but  none  have  been  found  very  efficient. 

26 
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The    movements,    tliougli    varied,    are    of  limited 

Movements.  pit  n       •    i 

range;  for  the  ligaments  are  all  tight,  or  nearly  so, 
in  every  position  of  the  clavicle ;  this  adds  to  the  secm'ity  of  the 
joint,  and  renders  it  less  liable  to  suffer  from  sprains.  The  move- 
ments attendant  on  elevation  and  depression  of  the  shoulder  take 
place  between  the  clavicle  and  the  interarticular  ligament,  the 
bone  rotating  upon  the  ligament  on  an  axis  drawn  from  before 
backwards  through  its  own  articular  facet.  When  the  shoulder  is 
moved  forwards  and  backwards,  the  clavicle,  with  the  interarticular 
ligament,  rolls  to  and  fro  upon  the  articular  surface  of  the  sternum, 
revolving,  with  a  slightly  sliding  movement,  round  an  axis  drawn 
nearly  vertically  through  the  sternum.  In  the  circumduction  of 
the  shoulder,  which  is  compounded  of  these  two  movements,  the 
clavicle  revolves  upon  the  interarticular  cartilage,  and  the  latter, 
with  the  clavicle,  rolls  upon  the  sternum. 

Tlie  joint  is  occasionally  the  seat  of  chronic  rheumatic 

Disefise  rare. 

arthritis,  rarely  of  any  other  disease. 

THE  ACEOMIO-CLAVICULAR  JOINT  (Plates  XXVIII.  XXIX.) 

resembles  the  sterno-clavicular   in  the   slight  security 

Strengtli  de-  _  _  . 

rived  from        affordcd  by  the  shape  of  its  articular  surfaces,  in  the 
limited  range  of  its  movements,   and  in  its  strength, 
which,  tliough  derived  almost  entirely  from  ligaments,  is  sufficient 
to  resist  most  of  the  shocks  to  which  it  is  exposed. 

Dislocation  Dislocation  is,  accordingly,  very  rare;  when  it  has  taken 

^'^''®'  place  there  is,  for  the  same  reason  as  in  the  case  of  the 

sterno-clavicnlar  joinl,  great  difficulty  in  maintaining  the  hones  in  proper 
position.  The  tendency  of  blows  upon  the  shoulder,  combined  with 
the  shape  and  disposition  of  the  articular  surfaces  (PL  XXYIII.  fig.  4), 
is  to  drive  the  acromion  (b)  u.nder  the  end  of  the  clavicle  (c) ;  and  the 
ligaments,  some  of  them  at  least,  are  disposed  so  as  to  prevent  tliis 
accident.  Instances  are,  however,  recorded  in  which  the  displacement 
took  place  in  the  opposite  direction,  the  extremity  of  the  clavicle  having 
been  driven  beneath  the  acromion'. 


1  ArcJdves  Gen.  de  Medecinc,  1837,  in.  463. 
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To  understand  tliorouglilj  the  offices  of  this  joint, 
It  maintains      -^  -g  necessary  to  consider  the  manner  in  which   the 

the  stratghtfor-  •' 

i'-ard  dii-ection   scapula  movcs  UDon  the  trunk.     It  is  capable  of  beina; 

of  shoulder  in  '-  ^  ^  r>         •  •       i  t 

movements  of    throwii  forwards  and  "backwards,  of  being  raised  and 
chest. '  depressed,  and  of  being  moved  in  a  circle,  or  "  circum- 

ducted," as  it  is  called;  and  throughout  these  move- 
ments the  chief  part  of  the  base,  and  the  lower  angle,  are  main- 
tained in  contact  with  the  ribs.  Forasmuch  as  the  exterior  of  the 
ribs  presents  a  curved  line  from  before  backwards,  it  follows  that 
whenever  the  scapula  is  advanced  or  drawn  back,  it  must  describe 
part  of  a  circle  upon  the  chest ;  and  the  centre  or  axis  of  that  rota- 
tory movement  is  represented  by  a  vertical  line  drawn  through  the 
sterno-clavicular  joint,  or  nearly  so.  Had  there  been  no  joint  be- 
tween the  clavicle  and  the  scapula,  the  circular  movement  of  the 
scapula  would  have  been  attended  with  a  greater  alteration  in  the 
direction  of  the  shoulder  than  is  desirable :  for  instance,  when  tlie 
scapula  was  thrown  forward,  the  glenoid  cavity  would  have  been 
directed  inwards ;  and  when  the  reverse  movement  took  place  the 
glenoid  cavity  would  have  been  directed  outwards ;  and  it  would" 
have  been  impossible  to  give  a  blow  straight  forward  with  the  full 
force  of  the  arm,  that  is  to  say,  with  the  combined  force  of  the 
muscles  of  the  scapula  arm  and  forearm.  In  order  to  maintain  a 
uniformity  in  the  direction  of  the  shoulder  during  the  movements 
of  the  base  of  the  scapula,  and  to  permit  the  former  to  be  carried 
directly  forwards  and  backwards  while  the  latter  is  kept  in  contact 
with  the  convex  wall  of  the  chest,  the  acromio-clavicular  joint  is 
interposed  between  the  clavicle  and  the  scapula.  It  is  so  adjusted 
as  to  enable  either  bone  to  tmn  in  a  hinge-like  manner  upon 
a  vertical  axis  drawn  through  the  other,  and  it  permits  the  surfaces 
of  the  scapula,  like  the  baskets  in  a  roundabout  swing,  to  look 
the  same  way  in  every  position,  or  nearly  so^.     When  the  shoulder 


^  It  ■will  be  observed  by  those  who  adopt  the  ordinary  views  and  expressions 
respecting  the  rotation  of  the  moon  in  its  movement  round  the  earth,  that  the  object 
of  this  joint  is  to  prevent  a  similar  rotation  of  the  scapula  in  its  movement  round  the 
chest,  and  to  enable  it  to  present  its  glenoid  face  always  in  one  straightforward 
direction, 

26—2 
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is  advanced  the  acromial  end  of  tlie  clavicle  is  drawn  forwards 
with  the  scapula,  a  hinge-like  movement  between  the  two  takes 
place,  and  the  retiring  angle  between  the  hinder  edge  of  the 
clavicle  and  the  spine  of  the  scapula  is  rendered  more  acute. 
When  the  shoulder  is  carried  backward,  the  acromial  end  of  the 
clavicle  goes  with  it,  and  the  angle  just  mentioned  is  widened. 
To  permit  the  requisite  movement  the  articular  surface  of  the 
clavicle  is  slightly  convex  from  before  backwards,  and  that  of  the 
acromion  is  slightly  concave  in  the  same  direction  (PI.  XXVIII. 
fig.  3). 
„    . .    ,  Again,  in  the  rising  and  falling  of  the  shoulder  the 

Provision  to  '='         '  ^  '=' 

permit  the        centre  of  motion  is  at  the  sterno-clavicular  joint;  and 

rising  and  ,  ,         .  ,  . 

falling  of  tiie  this  movcmeut  would  evidently  be  incompatible  with  the 
juxtaposition  of  the  inferior  angle  of  the  scapula  to  the 
ribs,  if  there  were  no  joint  between  the  clavicle  and  the  acromion. 
The  acromial  facet  is  slightly  convex  from  above  downwards, 
and  the  clavicular  facet  is  slightly  concave,  so  as  to  permit  the 
requisite  hinge-like  movement  upon  an  antero-posterior  axis  when 
the  shoulder  rises  and  falls. 

sha  eofarti-  The  Articular  surfaces  of  this  joint  are,  moreover, 

cuiar  surfaces,  cut  obliqucly  from  above,  downwards  and  inwards,  so 
that  the  facet  of  the  clavicle  overlaps  that  of  the  acromion.  When 
this  disposition  prevails  in  a  marked  degree,  as  represented  in 
PL  XXVIII.  fig.  4,  taken  from  a  recent  specimen,  the  convexity  of 
the  acromial  and  the  concavity  of  the  clavicular  surface  are  scarcely 
perceptible;  and  it  is  probable  that,  in  such  case,  the  one  slides  a 
little  upon  the  other  when  the  shoulder  rises  and  falls.  The  over- 
lapping of  the  clavicle  serves  to  prevent  displacement  of  the  acro- 
mion when  we  use  the  hands  and  arms  for  the  purpose  of  pressing 
against  any  foreign  body,  or  when  we  allow  the  weight  of  the 
trunk  to  rest  upon  them.  In  some  instances  the  extremity  of  the 
clavicle  is  so  much  elevated  as  to  simulate  exostosis  or  dislocation. 
Capsular  li^a-  '^^^®  articular  surfaces  are  held  together  by  a  Ca.p- 

™®'^*-  sular  ligament  (figs.  3  and  4,  (7,  D,  E,  F)  composed  of 

strong  fibrous  bundles,  which  are  not  sufficiently  tight  to  inter- 
fere with  movement,  and  which  are,  for  the  most  part,  directed, 
from  the  acromial  edge,  obliquely  backwards  and  outwards,  to  the 
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margin  of  the  clavicular  facet.  This  direction  of  the  ligamentous 
fibres  indicates  their  office  to  he,  not  merely  to  hold  the  articular 
surfaces  in  apposition,  but  to  cause  the  clavicle  to  be  carried  for- 
ward with  the  acromion,  when  the  latter  is  advanced  by  the 
muscles  of  the  scapula.  The  movement  in  the  opposite  direction 
is  sufficiently  provided  for  by  the  disposition  of  the  articular  sur- 
faces, that  of  the  acromion  (fig.  3,  B)  being  situated  a  little  in 
front  of  that  of  the  clavicle  [A). 

Conoid  Liga-  '^^^®  Couoid  ligament  (PI.  XXIX.  fig.  1,  C)  is  con- 

ment.  ncctcd  witli   tlic  root  of  the  coracoid  process,  just  in 

front  of  the  supra-scapular  notch,  and  just  beneath  the  flat  smooth 
sm-face  on  the  inner  side  of  the  base  of  the  process  (^).  It  spreads 
out  as  it  ascends  to  the  clavicle,  and  has  a  broad  attachment  to  the 
rough  sm-face  on  the  posterior  and  hinder  edge  of  the  most  pro- 
minent part  of  the  external  curve  of  that  bone.  It  obviously  acts 
as  a  check  upon  the  to-and-fro  movements  of  the  acromio-clavicular 
joint,  and,  therefore,  upon  the  advance  and  retrocession  of  the  shoul- 
der. Moreover,  by  binding  the  hinder  edge  of  the  coracoid  to  the 
clavicle,  it  prevents  the  scapula  from  being  moved  or  driven  too  far 
backwards  by  the  strong  action  of  the  muscles  or  by  blows  upon 
the  front  of  the  shoulder.  During  the  movement  of  the  scapula 
forwards  and  backwards,  within  the  range  permitted  by  it,  this 
ligament  plays  to  and  fro  upon  the  flat  smooth  surface  on  the  inner 
side  of  the  coracoid  process.  The  ligament  may  also,  in  addi- 
tion to  its  influence  upon  the  to-and-fro  movements  of  the  scapula, 
set  a  limit  to  the  descent  of  the  bone  upon  the  side  of  the  chest. 
It  is  of  considerable  strength ;  and  its  distance  from  the  acromio- 
clavicular joint  gives  it  great  power  to  set  bounds  to  the  movements 
of  that  joint.  In  this  and  some  other  respects  it  reminds  us  of 
the  costo-clavicular  ligament  which  is  attached  near  the  other 
end  of  the  cla^-icle. 

Trapezoid  ^^^^  Trapezoid  ligament  [D)  arises  from  the  hinder 

ugament  jyQxi  of  the  inner  edge  of  the  coracoid  process,  and  from 

the  fore  part  of  the  flat  smooth  surface  at  the  root  of  the  conoid 
ligament.  It  passes  outwards,  narrowing  a  little  as  it  goes,  to 
the  rough  space  on  the  under  sm-face  of  the  expanded  end  of  the 
clavicle,  half  or  three-quarters  of  an  inch  internal  to  the  articular 
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extremity.  It  is  a  great  stay  to  the  shoulder;  it  supports  the 
scapula  in  its  place,  and  combines  with  the  conoid  ligament  to  pre- 
vent the  coracoid,  and  therefore  the  acromion,  from  being  carried 
inwards  beneath  the  clavicle  by  the  contraction  of  the  powerful 
muscles  that  pass  to  the  scapula  from  the  trunk  or  by  blows  upon 
the  shoulder.  The  oblique  disposition  of  the  articular  surfaces  of 
the  acromio-clavicular  joint  renders  such  a  provision  for  preventing 
displacement  very  necessary.  The  ligament  is  tense  in  every 
position  of  the  shoulder ;  and  its  fibres,  to  a  certain  extent  crossing 
one  another,  have  some  influence  in  limiting  both  the  forward  and 
the  backward  movement  of  the  scapula. 

coraco-acromiai  '^^^^  Goraco-acromiol  ligament  {E)  may  be  men- 
ligament.  tioued  in  connection  with  this  joint.     It  is  spread  out, 

fan-like,  between  the  coracoid  and  the  acromion ;  has  a  broad 
attachment  along  the  outer  edge  of  the  former,  and  a  narrow  in- 
sertion into  the  tip  of  the  latter,  just  in  front  of  and  beneath  its 
articular  facet.  It  binds  the  two  processes  together,  and  renders 
them  a  support  to  one  another,  preventing  the  acromion  fi'om  being 
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Fig.  I.  Front  view  of  acromio-clavicular  and  shoulder-joints.  A,  the  acromion. 
B,  the  extremity  of  the  clavicle.  The  fibres  of  the  capsule  are  seen  passing  between 
the  two.  C,  the  conoid  ligament ;  D,  the  trapezoid ;  E,  the  coraco-acromiai ;  F,  the  supra- 
scapular. G,  G,  the  cut  edge  of  scaptila.  H,  the  triceps.  /,  the  sub-scapularis  muscle 
detached  from  the  scapula  and  thrown  back  so  as  to  show  the  wide  opening  in  the 
capsule  which  it  covers.  K,  thin  edge  of  the  capsule  raised  with  the  sub-scapularis, 
which  makes  the  opening  rather  larger  and  discloses  beneath  it  (Z)  the  gleno-humeral 
ligament  and  (ilf )  the  biceps  tendon.  N,  the  cut  end  of  the  biceps  lying  in  the 
bicipital  groove  and  covered  by  the  ligamentous  tissue  that  binds  it  there.  0,  the 
inner,  and  P,  the  inferior  ligament.  The  head  of  the  humerus  is  drawn  a  little  away 
from  the  glenoid  cavity,  so  as  to  render  the  capsule  tense.  Q,  is  the  smooth  surface 
upon  the  coracoid  process,  on  which  the  conoid  ligament  plays. 

Fig.  ■2,  External  view  of  the  glenoid  portion  of  a  scapula  from  which  the  acromion 
has  been  sawn  away  at  4.  B,  B,  cut  edge  of  scapula.  C,  root  of  coracoid  process. 
D,  the  glenoid  ligament  attached  along  the  outer  border  of  the  glenoid  cavity.  E,  the 
biceps  tendon ;  some  of  its  fibres  are  continued  into  the  glenoid  ligament,  and  others 
into  {F),  a  prominence  of  the  scapula  at  the  upper  and  hinder  border  of  the  glenoid 
cavity.  G,  the  triceps  tendon ;  some  of  its  fibres  are  continued  into  the  glenoid  liga- 
ment and  the  capsule,  which  are  here  blended,  and  others  are  attached  to  the 
lower  border  of  scapula. 
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driven  outwards  by  tlie  pressure  of  tlie  clavicle,  and  preventing  the 
coracoid  and  adjacent  edge  of  the  glenoid  cavity  from  being  driven 
inwards  by  the  pressure  of  the  humerus.  It  is  the  representative 
of  a  bony  arch  which  in  Sloths  connects  the  two  processes, 
inter-articiiiar  ^  uiorc  or  Icss  complctc  Inter-avticular  fihro-cartilage 
cartilage.  jg  somctinies  found  in  this  joint.     It  is  usually  thickest 

at  the  circumference,  where  it  is  connected  with  the  capsule.     It 
may  be  present  in  the  upper  part  of  the,  joint,  and  deficient  below. 


THE  SHOULDER-JOINT.    (Plates  XXIX.   XXX.) 


Shape  of  the  The  articular  surfaces  of  the  humerus  and  scapula 

articular sur-     — ^  larQ-e  ball  playins'  in  a  shallow  cui3 — are  peculiarly 

fa<;e  of  the  &  i      ./       O  11  J 

humerus.  adapted  for  free  and  varied  movements.  That  of  the 
head  of  the  humerus  forms  part  of  a  true  sphere ;  but  its  margin 
is  by  no  means  a  true  circle,  inasmuch  as  it  is  extended  in  some 
directions  much  more  than  in  others.  Its  greatest  measm^ement 
is  from  the  proximity  of  the  bicipital  groove,  with  which  it  is 
nearly  continuous,  downwards,  inwards,  and  backwards.  A  vertical 
section  in  this  direction  shows  the  cartilaginous  margin  of  the  cut 
sm-face  (PL  XXX.  fig.  1)  to  form  a  segment  (140°)  of  a  circle,  so 
that  it  approaches  to  a  semi-circle,  the  radius  of  which  is  about  an 
inch  and  a  line.  The  measm-ements  across,  and  in  other  direc- 
tions, are  less.  If  the  vertical  section  just  mentioned  be  continued 
downwards,  it  cuts  the  lower  articular  surface  very  obliquely ;  it 
takes  ofi"  a  small  piece  of  the  fore  parrt  of  the  tubercle  for  the  radius, 
and  falls  considerably  behind  the  inner  condyle,  so  that  the  two 
sm'faces  are  oblique  with  regard  to  one  another.  The  lower  por- 
tion of  the  articular  surface  on  the  head  of  the  humerus  is  of 
considerable  width,  and,  in  the  position  of  rest,  with  the  arm  near 
the  side,  occupies  the  lower  wide  part  of  the  glenoid  cavity.  In 
this  position  rotation  is  most  free,  and  the  muscles  of  rotation — the 
siib-scajndaris  and  the  teres  minor — act  with  gTcatest  advantage  on 
the  tubercles  of  the  humerus.  The  middle  of  the  articular  surface 
is  still  wider  than  the  lower  part ;  and  this  permits  a  free  range  of 
lateral  movement  of  the  arm  when  the  extremity  is  raised  to  a 
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right  angle  with  the  side.  The  greatest  elevation  of  the  arm  can 
be  obtained  by  rolling  the  articular  surface  of  the  humerus  in  the 
direction  of  its  greatest  measurement,  which  is  done  by  carrying 
the  arm  obliquely  upwards,  forwards,  and  outwards.  If  we  raise 
the  arm  straight  forwards  we  cannot  lift  it  quite  so  high ;  still  less 
if  we  endeavour  to  raise  it  behind. 

Shape  of  the  '^^^®  Glenoid  cavity ,  surrounded  by  its  marginal  liga- 

gienoid  cavity,  nicut,  prcscuts  a  shallow  cup  of  oval  shape,  adapted  to 
the  ball  of  the  humerus,  and  with  its  longest  diameter  in  a  corre- 
sponding direction.  Its  cartilage  is  thinnest  at  the  deepest  part  of 
the  cavity,  whereas  that  of  the  humerus  is  thickest  at  the  centre  of 
the  head.  The  lower  broader  part  of  the  cup  sustains  the  chief  pres- 
sure of  the  head  of  the  humerus,  not  only  when  we  carry  weights 
and  when  blows  are  received  upon  the  shoulder,  but  also  when  the 
deltoid  is  employed  in  raising  the  arm,  because  the  supra-spinatus, 
infj-a-spmatus,  and  biceps  tendon  so  act  upon  the  upper  end  of  the 
humerus  as  to  press  it  against,  and  cause  it  to  revolve  upon,  this 
lower  part  of  the  glenoid  cup.     To  enable  the  latter  to  bear  this 
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Fig.  I,  Section  through  shoulder-joint,  with  the  arm  at  right  angles  to  the  body. 
It  shews  how  the  biceps  tendon,  pressing  the  humerus  close  against  the  glenoid  cavity, 
prevents  its  being  dragged  over  the  edge  of  the  cup  by  the  action  of  the  pectoralis 
major  and  latissimus  dorsi.  A,  insei'tion  of  biceps  tendon  into  upper  edge  of  glenoid 
cavity.  B,  the  lower  part  of  capsule,  which  is  loose  even  in  this  position,  and  does 
not,  therefore,  assist  to  prevent  dislocation  till  the  arm  is  more  raised. 

Fig.  2.  View  of  parts  attached  around  glenoid  cavity;  a  section  has  been  made 
through  the  shoulder-joint,  detaching  the  humerus  from  the  scapula.  A,  the  ovei'- 
hanging  edge  of  acromion.  B,  C,  D,  E,  the  cut  edges  of  sub-scapularis,  supra- 
spinatus,  infra-spinatus  and  teres  minor  muscles.  F,  F,  F,  the  cut  edge  of  the  cap- 
sule, distinct  from  the  muscles,  at  its  lower  part  continuous  with  the  edge  of  the 
glenoid  ligament,  but  above  separate  from  it,  and  passing  behind  it  and  the  biceps 
tendon.  F^  and  F'-^,  the  parts  where  the  capsule  is  strengthened  by  the  inferior  and 
by  the  coraco-brachial  ligaments.  G,  the  glenoid  ligament  overhanging  the  upper  part 
of  the  glenoid  cavity.  //,  the  division  of  the  glenoid  ligament  which  is  lost  upon 
the  edge  of  the  glenoid  notch.  /,  the  division  which  passes  over  the  notch.  Jv, 
the  biceps  tendon.  L,  the  gleno-humeral  ligament.  M,  the  internal  ligament.  N, 
the  orifice  of  comnmnication  between  the  synovial  cavity  and  the  bursa  under  the 
sub-scapularis. 


FloLte  XXX. 


Fu^.  /. 


tf 


)B 


Fy,j.  2. 


jsr 


J)  ^ 


fK 


V  vf  m5>. 


ms 


^, 


I 


:    mi' 


V.1/ 


N'p Mr 


I        n\ 


f  ■' 


THE   JOINTS   OF   THE   UPPEE   EXTREMITY.  409 

pressiu'e  it  is  placed  upon  the  thick  strong  inferior  costa  of  the 
scapuhi.  The  base  of  the  spine  contributes  to  the  support  of  the 
middle  of  the  glenoid  cavity ;  and  the  base  of  the  coracoid  process 
forms  its  upper  edge.  The  section  represented  in  PI.  XXX.  fig.  1, 
shows  the  firm  bony  arch  upon  which  the  glenoid  cavity  is  carried. 
The  edge  of  the  glenoid  cavity  is  rather  more  prominent  on  the 
inner  side,  in  which  direction  the  humerus  is  more  liable  to  be  dis- 
placed by  the  action  of  the  muscles  and  by  blows  on  the  shoulder, 
than  it  is  on  the  outer  side. 

Glenoid  '^^^®   Glenoid  ligament  (fig.  2,  G,  H,  I)  is  composed 

us;uueut.  gf  circularly  disposed,   more  or  less  interlacing  fibres, 

which  lie  upon  and  deepen  the  edge  of  the  cup,  and  which  are 
attached  to  the  latter  in  its  Avhole  circumference.  At  the  upper 
part  it  is  of  considerable  thickness ;  it  here  ( G )  overhangs  the  car- 
tilage of  the  glenoid  cavity,  is  separated  by  an  interval  from  the 
capsule  {F)  which  passes  clean  over  it  to  the  upper  surface  of  the 
scapula ;  and  its  fibres  are  continuous  with  some  of  the  fibres  of  the 
"biceps  tendon"  and  of  the  "  coraco-brachial "  and  "internal  liga- 
ments," and  derives  a  considerable  accession  from  them.  Traced 
round  the  outer  and  lower  parts  of  the  glenoid  cavity  it  gradually 
becomes  shallower,  ceases  to  overhang  the  glenoid  cavity,  and  its 
surface  is  continuous  with  the  articular  cartilage  above,  and  with 
the  fibres  of  the  capsule  below.  As  it  ascends  along  the  inner  edge 
of  the  glenoid  cavity  it  splits  into  two  portions ;  of  which  the  one 
{H),  keeping  close  along  the  margin  of  the  cup,  is  lost  upon  it 
about  the  bottom  of  the  notch,  and  the  other  (/)  passing  over  the 
notch,  (like  the  cotyloid  and  transverse  ligaments  of  the  hip),  com- 
pletes the  circle  of  the  ligament  and  deepens  the  cup  at  this  its 
shallowest  part.  •     ■ 

The  glenoid  ligament  not  only  serves  to  deepen  and  extend  the 
articular  surface  of  the  glenoid  cavity ;  it  also  prevents  its  being 
chipped  and  broken ;  and  it  forms  a  tough,  soft,  circular  cushion 
for  the  reception  of  the  head  of  the  humerus,  defending  the  opposed 
cartilaginous  surfaces  from  the  many  jars  to  which  they  are  liable 
on  account  of  the  exposed  position  of  the  shoulder.  It  supports  the 
circumference  of  the  head  of  the  humerus,  and,  being  held  in  close 
contact  with  it  by  the  capsule,  by  the  surrounding  muscles,  and  by 
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the  tension  of  the  biceps  tendon,  it  lessens  the  amount  of  pressure 
which  is  sustained  by  the  bottom  of  the  glenoid  cavity. 
Apposition  of  It  is  essential  to  the  free  movement  of  the  shoulder 

the  bones  not     ^|^^^   when  the  ioint  is  at  ease  in  a  mid  position,  the 

dependent  upon  '  ^  17 

theUgaments.  ligaments  Connecting  the  humerus  with  the  scapula 
.should  not  be  tight  at  any  one  part.  If  they  were  so,  it  is  evident 
that  movement  in  one  direction  would  be  prevented.  In  most 
positions  of  the  joint,  therefore,  the  apposition  of  the  two  bones  is 
not,  in  a  direct  manner,  dependent  upon  the  ligaments.  If  they 
alone  remained  the  humerus  would  fall  an  inch  from  its  proper 
position,  or  nearly  so ;  and  the  contact  of  the  articular  surfaces  is 
due  to  the  pressure  of  the  atmosphere,  aided  by  the  contraction  of 
the  muscles  and  the  elasticity  of  the  various  surrounding  tissues^, 
j^^  g^^^g^j.  The  Capsular  ligament,  accordingly,  is,  in  all  ordi- 

ugament.  nary  positions  of  the  joint,  loose  at  every  part;  and  it 

only  becomes  tight  when  the  movements  of  the  humerus  in  any 
direction  have  attained  to  their  full  extent.  The  oiBce  of  this 
ligament  is  not  so  much  to  maintain  the  apposition  of  the  surfaces 
as  to  limit  the  movements  of  the  joint;  though  it  is  true  that,  by 
performing  the  latter  ofSce,  it  does  contribute  to  effect  the  former. 
It  is  connected  with  the  margin  of  the  glenoid  cavity  and  with  the 
outer  part  of  the  anatomical  neck  of  the  humerus ;  and  some  of  its 
innermost  fibres  are  reflected  from  the  line  of  attachment  to  the 
humerus  back  upon  the  neck  of  the  bone,  and  run  to  the  projecting 
margin  of  the  head.  These  are  covered  by  the  synovial  membrane, 
and  they  correspond  with  the  fibrous  investment  of  the 

The  aperture 

on  its  inner  neck  of  tlic  fcmur.  At  the  inner  side  of  the  joint  there 
is  a  round  or  quadrilateral  aperture  (fig.  2,  N),  under 
cover  of  the  subscapularis  muscle ;  and,  at  this  point,  the  tendon 
of  that  muscle,  like  the  tendon  of  the  iliaciis  at  the  hip,  is  in 
contact  with  the   synovial  membrane.      The  synovial  membrane 


^  This  maintenance  of  contact  between  the  articular  surfaces  by  means  of  the 
pressure  of  the  atmospheric  air,  without  the  intervention  of  connecting  ligaments, 
renders  the  movements  of  the  joint  much  more  easy  than  they  would  otherwise  have 
been,  and  permits  a  swinging  pendulum-like  vibration  of  the  limb  wlien  the  muscles 
are  at  rest. 
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"bulges  through  this  opening,  forming  a  sort  of  bursa  for  the 
tendon.  The  opening  is  of  considerable  size ;  and  the  head  of 
the  humerus  is  sometimes  driven  through  it  in  dislocation,  with- 
out there  being  necessarily  any  laceration  of  the  capsule^. 

The   short  muscles   that  pass   over  the    ioint    are 

its  connection  _  '-  *^ 

\vit.ii sim-oimd-  closcly  counccted  with  the  capsule;  but  they  are  not 
blended  with  it,  and  may,  therefore,  be  dissected  off 
from  it.  Some  of  the  fibres  (PI.  XXIX.  fig.  2,  G)  of  the  tendon 
of  the  long  head  of  the  tricejys  muscle,  which  is  attached  to  the 
rough  space  just  below  the  glenoid  cup  and  to  the  outer  margin  of 
the  cavity,  become  blended  with  the  capsule  in  the  same  way  that 
the  fibres  of  the  tendon  of  the  rectus  femoris,  with  which  this  por- 
tion of  the  triceps  corresponds,  become  blended  with  the  capsule 
of  the  hip. 

Accessoi  ^^^^  capsule  is  strengthened  at  three  parts  by  sup- 

Hgaments.  plemcntal  fibres,  or  bands,  passing  from  the  scapula  to 
the  humerus,  which  have  been  rather  unnecessarily  dignified  by 
names.  Of  these  one,  called  the  Coraco-bixicMal  ligament  (PI. 
XXX.  fig.  2,  F^),  springs  from  the  upper  edge  of  the  glenoid 
cavity,  between  the  root  of  the  coracoid  process  and  the  point  of 
attachment  of  the  biceps  tendon,  and  is  attached  to  the  lesser 
tubercle  of  the  humerus  and  to  the  adjacent  edge  of  the  great 
tubercle.  It  is  spread  over  the  bicipital  groove ;  and  its  diverging 
fibres  are  connected  at  this  part  by  transverse  bands,  which,  pass- 
ing from  one  tubercle  to  the  other  and  arching  over  the  groove, 
serve  to  hold  the  biceps  tendon  in  its  place. 

Gieno-iiumerai  Somc  of  the  fibres  of  this  coraco-brachial  ligament 
Hgament.  projcct  iuto  the  interior  of  the  joint,  along  the  inner 
edge  of  the  biceps  tendon,  and  are  inserted  into  the  inner  and 
upper  part  of  the  bicipital  groove,  at  a  point  nearer  the  margin  of 
the  head  than  the  line  of  attachment  of  the  rest  of  the  capsular 
ligament.  This  bundle  of  fibres  (PI.  XXIX.  fig.  /,  L),  which  has 
been  described  by  Dr  Flood,  under  the  name  of  the  G-leno-humeral 


^  In  addition  to  tiie  process  of  synovial  membrane  above  mentioned^  there  is  some- 
times a  separate  hv.rsa  between  the  sub-scapula.ris  tendon  and  the  root  of  the  coracoid 
process. 
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ligament,  corresponds  probably  with  the  Ugamentum  teres  of  the 
hip-joint,  and  with  that  structure  in  the  frog  which  has  been  called 
the  Ugamentum  teres  of  the  shoulder-joint.  The  similarity  is  in- 
creased by  the  fact  that  the  whole  circumference  of  the  gleno- 
humeral  ligament  is  sometimes  covered  by  synovial  membrane. 

A  third  accessory  to  the  capsule  is  the  Inner  liga- 

luuer  ligament.  /-vi-i  n  t         •  -t  c 

ment  {0)  which  runs  from  the  inner  edge  of  the  gle- 
noid cavity,  along  the  lower  margin  of  the  subscapularis  tendon, 
to  the  lower  part  of  the  lesser  tubercle  of  the  humerus.  It  is 
between  this  and  the  coraco-brachial  ligament  that  the  aperture 
in  the  capsule  permits  the  subscapularis  tendon  to  lie  in  contact 
with  the  synovial  membrane  of  the  head  of  the  humerus;  and  it 
is  the  inner  ligament  which  is  commonly  stretched  or  torn  in  dislo- 
cations beneath  the  pectoral  muscle. 

Inferior  li-a-  '^^^®  fourth  acccssory,  called  i\\Q  Inferior  ligament  (P), 

ment.  passcs,  from  the  under  edge  of  the  glenoid  cavity,  to 

the  under  part  of  the  neck  of  the  humerus ;  it  is  of  considerable 
strength,  and  renders  this  the  thickest  part  of  the  capsule.  It  is 
put  on  the  stretch  when  the  arm  is  raised  to  its  fullest  height ;  and, 
in  falling  upon  the  arm  in  this  position,  it  is  liable  to  be  torn,  and 
the  head  of  the  bone  to  be  driven,  through  the  rent,  into  the  axilla. 
It  is  always  torn  in  dislocation  of  the  humerus  beneath  the  glenoid 
cavity,  and  usually  about  the  middle. 

A  few  fatty  folds  and  delicate  processes  are  often  found 

Fatty  processes.  .... 

hanging  from  the  synovial  membrane,  about  the  lines  of  its 
reflection  from  the  capsule  to  the  humerus  and  to  the  glenoid  cavity. 
In  some  states  of  the  disease,  particularly  in  the  course  of  chronic  rheu- 
matic arthritis,  they  become  hypertrophied  and  increased  in  number, 
and  may  form  polypose  excrescences  of  considerable  size,  which  hang  by 
pedicles  into  the  cavity  of  the  joint. 

Lower  part  of  The  part  of  the  capsule  which,  in  the  ordinary  position 

capsv  e   a   e     ^^  ^-^q  -joint  with  the  arm  against  the  side,  is  the  most  loose 

to  become  con-  -J  o  J 

tracted.  ig  the  inferior  portion   (PI.   XXX.   fig.   1,  B),   where   it  is 

strengthened  by  the  "inferior  ligament;"  and  the  looseness  of  the  cap- 
sule in  this  situation  is  necessary  to  permit  the  free  elevation  of  the  arm. 
Unfortunately  it  is  the  part  which  is  most  liable  to  become  thickened, 
stiffened,  or  contracted  in  the   various  inflammatory  afiections   of  the 
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joint;  and  this  is  especially  likely  to  hajDpen  when,  after  injuries,  or 
during  inflammation  of  the  joint,  the  arm  is  kept  close  to  the  side  for  tlie 
sake  of  rest,  being  perhaps  bandaged  there.  Hence  impaired  movement, 
particular!}^  an  inability  to  raise  the  elbow  to  a  right  angle  with  the 
body,  is  a  very  common  and  very  troublesome  sequence  of  injuries  or 
diseases  of  the  shoulder.  Even  in  cases  of  fracture  of  the  clavicle  or 
humerus,  this  defect,  which  may  be,  partly  or  entirely,  tlie  result  of 
the  necessary  treatment,  often  constitutes  the  most  enduring  memento 
of  the  accident  It  may,  sometimes,  be  overcome  by  perseverance  in 
moving  the  arm;  or  by  suddenly  and  forcibly  pulling  up  the  elbow, 
thereby  stretching  the  capsule,  and  tearing  through  any  adhesions  that 
may  have  been  formed ;  an  expedient  not  unfrequently,  and  not  always 
xmsuccessfuUy,  resorted  to  by  empirics,  under  the  pretence  of  reducing  a 
dislocation,  which  they  affirm  to  have  been  overlooked.  The  liability  to 
this  occurrence  is  a  warning  to  the  surgeon  to  keep  the  shoulder-joint 
fixed  and  inactive  no  longer  than  is  absolutely  necessary. 

A  peculiar  feature  in  the  slioulder-joint  is  tlie  Biceps 

Biceps  tendon.  ....  . 

tendon,  which,  lying  in  its  groove  in  the  humerus,  per- 
forates the  capsule,  and  becoming  ensheathed  in  synovial  membrane 
or  covered  bj  epithelium,  traverses  the  joint  to  reach  the  upper  edge 
of  the  glenoid  cavity ;  the  greater  part  of  it  passes  over  the  glenoid 
ligament  and  is  attached  to  the  bone  (PI.  XXIX.  fig.  2,  F).  Some 
of  its  outer  fibres,  and  a  few  of  the  inner,  diverge  to  join  the 
glenoid  ligament  on  either  side  (PI.  XXX.  fig.  2,  K). 

p  OS  -  served  Several  purposes  are  served  by  the  peculiar  course  and 
by  its  pro-         disposition   of  this  tendon.      1.    It  strengthens  the  capsule 

longation  into  . 

tlie  shoulder-  at  the  upper  part,  and  assists  to  prevent  the  head  of  the 
■^^^  '  humerus  being  pressed  against  the  acromion  by  the  contrac- 

tion of  the  deltoid  and  other  muscles.  2.  It  assists  the  supra-  and 
infra-spinatus  muscles  to  cause  the  head  of  the  humerus  to  revolve  in 
the  glenoid  cavity  when  the  arm  is  raised  from  the  side;  thus  it  is,  in- 
directly, as  well  as  directly  from  the  line  of  its  action,  an  elevator  of 
the  arm.  3.  By  its  passage  along  the  bicipital  gi-oove  it  assists  to 
render  the  head  of  the  humerus  steady  in  the  various  movements  of  the 
arm  and  forearm;  in  this  way  it  serves  the  purpose  of  a  ligament,  with 
the  advantage  of  being  available  in  all  positions  of  the  joint,  and  with- 
out restricting  the  range  of  movement  in  any  direction.     In  its  course 
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between  the  tubercles  it  plays  upon  the  inner,  rather  than  upon  the  outer, 
one,  as  may  be  inferred  from  the  depth  of  the  groove  it  makes  in  it  by 
working  round  it  as  upon  a  pulley.  By  its  pressure  upon  this  inner  tuber- 
cle, the  tendon  prevents  undue  rotation  of  the  head  of  the  humerus  out- 
wards ;  and,  in  this  way,  the  biceps  muscle  is  enabled  to  counteract  the 
influence  which  its  own  pull  itpon  the  tubercle  of  the  radius  tends  to 
exert.  For,  during  the  action  of  the  biceps  in  flexion,  and  more  parti- 
cularly in  supination  of  the  forearm,  the  force  exerted  by  it  upon  the 
tubercle  of  the  radius  is  transmitted,  through  the  neck  of  that  bone, 
obliquely  outwards  to  the  outer  condyle  of  the  humerus,  and  gives  to 
the  humerus  a  tendency  to  rotate  outwards,  which  is  resisted  by  the 
pressure  of  the  long  tendon  of  the  biceps,  exerted  at  the  same  time 
upon  the  outer  side  of  the  lesser  tubercle.  Thus  the  same  power, 
which  by  its  pull  upon  the  tubercle  of  the  radius,  would  cause  the 
hiimerus  to  rotate  outwards,  by  its  pressure  upon  the  tubercle  of  the 
humerus,  prevents  that  movement,  and  renders  the  outer  condyle  a 
firm  resisting  point  upon  which  the  supination  of  the  radius  may  be 
efiected.  The  advantage  of  such  a  provision  is  more  particularly  expe- 
rienced when  the  hand  is  pressed  against  any  body  during  supination, 
as  in  driving  a  gimlet;  for  the  onward  force  exerted  upon  the  gimlet 
by  the  extension  of  the  forearm,  as  well  as  the  twisting  force  resulting 
from  the  action  of  the  biceps  and  of  the  other  supinators,  is,  in  great 
part,  transmitted  to  the  outer  condyle  of  the  himierus.  4.  The  tendon 
of  the  biceps  serves  to  hold  the  humerus  firmly  in  contact  with  the  gle- 
noid cavity,  and  to  prevent  its  slipping  over  the  lower  edge  of  the  cavity 
or  being  displaced  by  the  contraction  of  the  latissimus  dorsi  and  pec- 
toralis  major,  when  the  arm  is  raised  from  the  side,  as  in  climbing  and 
many  other  movements  (PL  XXX.  fig.  1).  That  such  provision  to 
resist  the  pull  of  these  muscles  is  not  superfluous  is  proved  by  the  fact 
that  the  displacement  sometimes  takes  place  in  spite  of  it.  I  was,  not 
long  since,  called  to  a  gentleman  who  had  dislocated  his  shoulder,  for  the 
first  time,  in  swimming;  and  Monro  mentions  an  actress  who  often  dis- 
located her  arm  in  the  exercise  of  her  profession.  Let  a  person  supj)ort 
himself,  on  his  elbows,  iipon  a  bar  on  either  side,  with  the  arms  hori- 
zontal and  the  forearms  perpendicular;  he  will  find  that  he  can  do  so 
more  easily  if  he  holds  a  stick  between  his  hands,  because  the  stick,  sup- 
porting the  i^adius,  afibrds  a  point  of  resistance  to  the  contraction  of  the 
biceps,  and  enables  it,  by  giving  tension  to  its  long  head,  to  keep  the 
humerus  firmly  in  the  glenoid  cavity. 
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Injuries  to  ten-  ^^  woiider  tliat  tliis  long  tendon,  in  its  course  round  the 

'^^°"-  head  of  the  humerus  and  through  the  shoulder-joint,  should 

occasionally  be  snapped  by  the  sudden  contraction  of  the  powerful  bicej)s 
muscle.  I  have  known  the  accident  happen  in  two  instances.  It  was, 
in  each  case,  attended  with  a  swelling  in  front  of  the  forearm,  caused 
by  the  unresisted  tonic  contraction  of  the  belly  of  the  muscle '.  It  was 
not,  however,  attended  with  any  disi^lacement  of  the  head  of  the  humerus, 
wliich  has  been  mentioned  by  some  writers  to  be  a  symptom  of  the  rup- 
tiu'e  of  this  tendon.  The  rent  most  often  happens  about  half  an  inch 
from  its  glenoid  attachment;  and  is  most  frequent  in  elderly  persons, 
in  whom  the  tendon  becomes  thin,  in  whom  the  synovial  fluid  is  rather 
scanty,  and  in  whom  other  changes,  attendants  on  chronic  rheumatism, 
are  likely  to  be  in  progress.  Under  these  cii'cumstances  there  can  be 
no  doubt  that  the  tendon  sometimes  becomes  xvorn  through  by  the  friction 
of  the  head  of  the  humerus  upon  it ;  and  I  quite  agree  with  the  writer  in 
the  Cyclopedia  of  Anatomy,  that  many  of  the  specimens,  in  which  the 
biceps  tendon  stops  short  in  the  bicipital  groove,  or  becomes  lost  in  the 
capsule  of  the  joint,  are  to  be  attributed,  not  to  rupture  of  the  tendon, 
but  to  the  continued  effects  of  chronic  rhetimatism,  originating  in  an 
accident,  or  commencing  spontaneously  ^  Possibly  the  defect  may,  in 
some  instances,  have  been  the  result  of  original  conformation.  In  the 
greater  number  of  cases  of  dislocation  of  the  joint  the  tendon  of  the 
biceps  is  rminjuredj  in  some  it  is  torn  through;  and  in  others  it  is 
displaced  from  its  groove,  and  thrown  upon  the  outer  side  of  the  great 
tubercle,  the  transverse  ligamentous  fibres,  which  hold  it  in  its  place, 
being  rent  across. 

The  shallowness  of  the  glenoid  cavity,  the  free  range  of 

Dislocations.  „     ,        .    .  -,      -,  ■ 

movement  oi  the  jomt,   the  looseness  and  thmness  of  the 


1  A  similar  case  is  related  and  represented  by  Mr  Calloway,  Injuries  of  the 
Slwulcler -joint,  p.  148. 

^  It  would  appear,  from  some  dissections  of  the  shoulder-joint  described  by  Mr  J. 
G-.  Smith,  Medical  Gazette,  xiv.  p.  280,  that,  not  only  may  the  tendon  of  the  biceps 
be  worn  through,  but  that  the  capsular  Hgament  and  the  tendons  of  the  supra-  and 
infra-spinatus  muscles  may  undergo  the  same  change,  and  the  sub-deltoid  bursa  thus 
become  opened  into  the  cavity  of  the  joint.  In  several  of  the  cases  mentioned  the 
sub-scapularis  tendon  was  more  or  less  detached  from  the  lesser  tubercle.  Mr  Smith 
regards  these  changes  as  the  result  of  accident ;  but  several  other  points  in  the  state  of 
the  joints,  and  the  existence  of  similar  conditions  in  both  shoulders  of  the  same  person, 
render  it  more  probable  that  they  were  the  gradual  result  of  friction  and  chronic 
rheumatism. 
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capsule,  the  exposed  position  of  the  shoulder,  and  the  length  of  the  arm, 
combine  to  render  this  joint  very  liable  to  dislocation.  The  accident, 
however,  seldom  occurs  before  pubei'ty.  The  head  of  the  bone  most 
frequently  passes  downwards  into  the  axilla;  in  which  case  the  lower 
part  of  the  capsule  is  rent,  and  the  upper  part  of  the  capsule,  with  the 
contiguous  small  muscles,  may  be  torn  from  the  humerus.  The  dislo- 
cation inwards  is  next  in  frequency ;  and  in  it  the  head  of  the  humerus 
may  be  driven  through  the  hole  near  the  subscapularis,  without  any,  or 
with  but  little,  laceration  of  the  capsule.  The  dislocation  backwards  is  a 
rare  event,  in  consequence  of  blows  not  being  often  received  in  such  a 
manner  as  to  produce  it.  Partial  dislocation,  that  is,  when  the  head  of 
the  humerus  rests  upon  the  edge  of  the  glenoid  cavity,  is  not  very  likely 
to  occur.  The  condition  of  the  joint  in  one  instance  that  I  have  exa- 
mined, and  in  others  of  which  I  have  read  the  account,  renders  it  most 
probable  that  the  unnatural  joosition  was  not  the  direct  result  of  acci- 
dent, but  of  slow  changes  in  the  joint  occasioned  by  chronic  rheumatic 
arthritis  \ 


THE  ELBOW  (Plates  XXXI.  XXXII.) 

is  a  true  hinge-joint.  The  radius  and  ulna,  in  flexion  and  extension 
of  the  forearm,  revdlve  upon  a  transverse  axis,  drawn  through  the 
lower  extremity  of  the  humerus^,  and  traversing  the  centres  of  the 
circles,  of  which  the  trochlea  and  the  articular  surface  of  the  outer 
condyle  of  the  humerus  respectively  form  segments.  The  plane  in 
which  the  movement  takes  place  corresponds  nearly  with  the  line 
of  the  humerus ;  any  obliquity  in  the  direction  in  which  the  hand 
is  carried  upwards  or  downwards  being  imparted  by  the  rotation 
of  the  humerus  at  the  shoulder.  Thus,  in  bringing  the  hand  to  the 
mouth,  the  inclination  of  the  hand  towards  the  middle  line  of  the 
body  is  caused,  not  by  anything  in  the  construction  of  the  elbow- 
joint,  but  by  a  movement  at  the  shoulder. 


1  Two  specimens  are  mentioned  by  Sandifort,  Museum  Anatomicmn,  III.  p.  ■239, 
Nos.  DCLXi.  and  D. 

^  This  axial  line  passes  through  the  lower  and  fore  part  of  the  outer  condyle  and 
through  the  fore  part  of  a  ridge  that  runs  forwards  from  the  inner  condyle  to  the  side 
of  the  trochlea;  the  inner  condyle  itself  is  behind  the  axis  of  motion  of  the  joint. 
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The  ioint  depends  for  its  strena-tli,  rather  on  the 

Configuration  J  r  &      ' 

of  articular  Configuration  of  the  bones,  than  on  the  strength  of  the 
ligaments.  The  Olecranon,  hooking  round  the  trochlea, 
effectually  prevents  any  displacement  occurring  from  traction  upon 
the  forearm  or  hand;  and  the  Coronoid  process,  jutting  up  in  front  of 
the  humerus,  tends  to  prevent  the  forearm  iDeing  driven  backwards 
by  force  applied  in  &i\  opposite  direction,  and  gives  power  in  pressing 
or  pushing  with  the  hand.  It  is,  however,  a  less  efficient  stop 
than  the  olecranon ;  for,  though  it  suffices  to  resist  all  forces  result- 
ins;  from  the  contraction  of  the  muscles  of  the  arm,  it  often  fails  to 
protect  the  elbow  against  the  sudden  and  violent  impulses  that  are 
caused  by  falls  upon  the  hand.  Hence  dislocation  of  the  forearm 
backwards  at  the  elbow  is  a  common  occurrence.  Some  additional 
secmity  is  afforded  by  the  transversely  waving  character  of  the 
articular  ends,  which  renders  the  surfaces  of  contact  more  extensive, 
and  assists  in  preventing  displacement,  esjDecially  displacement  in 
a  lateral  direction. 

The  lower  end  of  the  humerus  is  cut  a  little  ob- 

Lower  end 

ofhmnenis  liquely;  so  that  when  the  bone  rests  upon  it  on  a  table 
the  shaft  slants  obliquely  outwards,  in  the  same  manner, 
and  at  about  the  same  angle,  as  does  the  femur  when  similarly 
placed;  and  the  inner  side  of  the  trochlea  (PL  XXXI.  fig.  1,  /)  is 
the  most  prominent  part  of  the  articular  surface.  This  gives  to  the 
ulna  and  radius  a  slight  inclination  outwards  from  the  humerus  in 
every  position  of  the  elbow,  and  resists  the  tendency  of  the  strong 
pronator  and  flexor  muscles  of  the  hand  to  drag  these  bones  to- 
wards the  condyle  or  to  give  them  an  inclination  inwards  \ 
Adaptation  of  ^^&  groovc  [K)  of  tlic  trochlea  is  occupied  by  the 

surfaces.  ndgc  wliich  travcrscs   the  sigmoid  cavity  of  the  ulna 

from  before  backwards.     The  ridge   {L)   which  forms  the   outer 
margin  of  the  trochlea  occupies  the  furrow  in  the  interval  between 


^  The  prominence  of  tiie  inner  side  of  the  trochlea  is  most  marked  at  the  inferior 
part ;  and  the  outward  inclination  of  the  forearm  is,  accordingly,  most  observable  in 
the  extended  position  of  the  elbow.  In  riclcety  subjects  the  degree  of  this  inclination 
is  sometimes  exaggerated.  More  commonly,  however,  the  incKnation  of  the  forearm 
takes  an  opposite  direction  in  rickets,  in  consequence  of  the  shaft  of  the  humerus  being 
bent  with  the  convexity  outwards, 

27 
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the  edges  of  the  radius  and  ulna.  The  groove  (If)  on  the  outer 
side  of  that  ridge  receives  the  margin  of  the  head  of  the  radius ; 
and  the  outer  tubercle,  or  capitulum  (N)  of  the  humerus  occupies 
the  hollow  upper  extremity  of  the  radius. 

The  cartilaginous  surface  of  the  Cwpitulwm  of  the 
humerus  does  not  extend  very  far  backwards ;  and,  in 
the  completely  extended  position  of  the  elbow,  the  articular  edge 
of  the  radius  projects  beyond  the  capitulum,  and  may  be  distinctly 
felt  to  form  a  prominence  at  the  hinder  part  of  the  joint.  It  is 
well  to  remember  this  when  examining  the  elbow  for  the  purpose 
of  discovering  the  nature  of  an  injury.  There  is,  indeed,  only  one 
part  of  the  capitulum  which  is  wide  enough  to  give  support  to  the 
entire  cup  of  the  radius,  namely,  its  anterior  and  lower  part.  The 
radius  rests  upon  that  part  when  the  elbow  is  bent  to  an  angle  of 
120°  or  130°;  and  this  is  the  position  in  which  we  possess  the 
greatest  power  of  supinating  the  forearm. 

Articular  siu-  ^^&  articular  surface  which  the  ulna  presents  to  the 

face  of  ulna.  humcrus — the  greater  Sigmoid  cavity — is  formed  partly 
by  the  upper  surface  of  the  coronoid  process,  and  partly  by  the 
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Fig.  I.  Vertical  section,  from  side  to  side,  through  the  right  elbow-joint  in  the 
extended  position.     A,  humerus.     B,  ulna.     C,  radius.     D,  internal  lateral  ligament. 

E,  external  lateral  ligament.  F,  cut  edge  of  coronary  ligament.  G,  loose  fibrous  and 
synovial  membrane  descending  from  lower  edge  of  coronary  ligament  and  reflected 
upon  neck  of  radius.  //,  lesser  sigmoid  cavity  sloped  so  as  to  underhang  head  of 
radius.     /,  K,  L,  M,  N,  parts  of  articular  surface  of  humerus. 

Fig.  1 .  Vertical  section,  from  before  backwards,  through  the  right  radio-humeral 
joint,  slightly  bent.  A,  the  liumerus.  B,  the  radius.  C,  posterior  ligament,  with  a 
triangular  synovial  fatty  process  {D)  projecting  from  it  into  the  interval  between  the 
radius  and  the  capitulum  of  the  humerus.     E,  E,  cut  edges  of  coronary  ligament. 

F,  F,  fibrous  and  synovial  membrane  descending  from  lower  edge  of  coronary  ligament, 
in  front  and  behind,  and  reflected  upon  neck  of  radius.  G,  anterior  ligament.  H, 
fossa  in  front  of  humerus,  above  capitulum. 

Fig.  3.  Similar  section  through  i-ight  humero-ulnar  joint.  A,  humerus.  B,  ulna. 
O,  part  at  bottom  of  greater  sigmoid  cavity,  where  fat  exists  instead  of  cartilage.  D, 
posterior  ligament  and  synovial  membrane.  E,  fat  which  occupies  upper  part  of 
olecranon  fossa.  F,  situation  of  bursa  upon  olecranon.  G,  point  of  attachment  of 
triceps  tendon.     II,  anterior  ligament.     /,  fat  occupying  coronoid  fossa  in  humerus. 
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anterior  smface  of  tlie  olecranon.  Between  these  two  is  an  inter- 
mediate transverse  depression  (fig.  3,  C)  wliicli  is  not  subject  to 
much  of  the  pressure  of  the  humerus,  and  which  is  often  found  to  be 
devoid  of  cartikge ;  a  band  of  synovial  membrane,  with  fat,  some- 
times extends  across  it.  The  sharp  projecting  edges  of  the  olecranon 
and  coronoid  process,  do  not,  in  the  most  extreme  flexion  and  exten- 
sion, come  quite  into  contact  with  the  floors  of  their  respective  fossas. 
Such  contact  would  be  liable  to  cause  chipping  or  some  injury  of 
the  bone ;  accordingly  a  stop  is  put  to  the  movements  of  the  joint, 
and  any  mischievous  collision  of  the  articular  edges  is  prevented 
by  the  shape  of  the  articular  surfaces,  and  by  the  disposition  of  the 
ligaments.  The  lesser  Sigmoid  cavity,  which  is  continuous  with 
the  greater,  is  concave,  and  it  is  narrower  at  the  fore  and  hinder 
parts,  than  in  the  middle.  The  opposed  margin  of  the  head  of  the 
radius  is  shaped  in  a  corresponding  manner ;  and  the  two  surfaces 
have  their  broadest  parts  in  contact,  and  are  exactly  adapted  to  one 
another  in  the  postm-e  of  semipronation,  which  is  the  postm'e  of 
most  ease,  and  of  greatest  strength  (page  378). 
Articular  sur-  ^"^^  ^^  sm'prised  that  so  shallow  a  cup  upon  the  ex- 

face  of  radius,  trcmity  of  the  radius  should  sufSce  to  withstand  the 
tendency  of  the  biceps  muscle  to  pull  it  forwards  from  the  con- 
dyle. It  could  not  do  so  if  the  radius  were  not  tightly  bound  to 
its  place  in  the  sigmoid  cavity  of  the  ulna  by  the  coronary  and 
other  ligaments,  which  are  nevertheless  so  arranged  as  to  leave  the 
bone  free  to  rotate  upon  the  condyle.  The  inner  and  hinder  mar- 
gin of  the  cup,  which  has,  in  a  more  particular  manner,  to  resist 
the  pull  of  the  biceps,  is  rather  deeper  than  the  rest  of  its  circum- 
ference ^  The  circumferential  margin  is  flattened  and  covered 
wdth  cartilage  all  round,  so  as  to  lessen  the  friction  upon  the 
lesser  sigmoid  cavity  of  the  ulna  and  the  coronary  ligament,  in 
the  rotatory  movements  of  the  bone.  The  inner  part,  which  plays 
in  the  lesser  sigmoid  cavity,  is  much  deeper  than  the  remainder 


^  A  case  is  related  by  Mr  Adams,  Cycl.  Anat.  ii.  73,  in  which,  after  the  elbow  had 
been  weakened  by  an  injury,  the  ligaments  gave  way  and  the  head  of  the  radius  was 
gradually  drawn  forwards  by  the  contractions  of  the  biceps,  so  as  to  rest  upon  the  fore 
part  of  the  coudj-le  of  the  humerus. 
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of  the  edge.  Botli  it  and  the  corresponding  surface  of  the  uhia  {H) 
are  sloped  a  little  outwards  from  above,  so  that  the  edge  of  the  ulna 
underhangs  the  surface  of  the  radius ;  this  prevents  the  latter  from 
being  drawn  away  from  the  ulna  by  a  pull  upon  the  hand.  The 
disposition  of  the  articular  surfaces  in  the  lower  joint  between  the 
radius  and  the  ulna  is  just  the  reverse  (PL  XXXIII.  fig.  1). 
Anterior  liga-  '^^^®  anterior  ligament  of  the  elbow  (PL  XXXII. 

ment.  gg_  1^  7))  is  couiposcd  of  crossiug  and  interlacing  fibres, 

which  pass  from  the  front  of  the  humerus  above  its  articular  sur- 
face, enclosing  the  coronoid  fossa,  to  the  edge  of  the  coronary  liga- 
ment in  front  of  the  head  of  the  radius,  and  to  the  margin  of  the 
coronoid  process  of  the  ulna.  It  is  of  considerable  strength ;  and 
it  sets  bounds  to  the  extension  of  the  joint,  before  the  tip  of  the 
olecranon  comes  into  contact  with  the  bottom  of  its  fossa  in  the 
humerus.  The  prominence  of  the  trochlea  and  of  the  fore  part  of 
the  outer  condyle  of  the  humerus,  over  which  the  ligament  becomes 
stretched  as  the  extension  of  the  joint  proceeds,  increases  its  power 
of  limiting  that  movement.     In  flexion  of  the  joint  the  ligament 
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Fig.  I.  Front  view  of  ligaments  of  left  elbow-joint.  A,  B,  C,  cut  ends  of  hume- 
rus, radius,  and  ulna.  Z>,  anterior  ligament.  E,  internal  lateral  ligament.  F,  external 
ditto.  G,  smooth  external  surface  of  coronary  ligament.  H,  fibres  passing  from 
coronoid  process  to  join  coronary  ligament.  /,  loose  fibro-synovial  membrane  beneath 
coronary  ligaments. 

Fig,  1.  Hind  view  of  ligaments  of  left  elbow-joint.  A,  B,  G,  cut  ends  of  hume- 
rus, radius,  and  ulna.  D,  D,  thin  portion  of  posterior  ligament,  passing  from  edge 
of  olecranon  to  olecranon  fossa.  E,  thicker  portion  of  posterior  ligament,  passing 
from  edge  of  lesser  sigmoid  cavity  to  hinder  surface  of  external  condyle.  F,  fibres 
passing  from  lower  edge  of  lesser  sigmoid  cavity  to  coronary  ligament.  G,  tendinous 
fibres  running  from  olecranon  along  back  of  ulna. 

Fig.  3.  View  of  inner  side  of  left  elbow-joint.  A,  internal  condyle  of  humerus. 
B,  ulna.  C,  anterior  fibres  of  internal  lateral  ligament.  D,  the  same  continued  down 
inner  side  of  coronoid  process.  E,  middle,  and  F,  posterior  fibres  of  internal  lateral 
ligament.     G,  fibres  passing  across  between  olecranon  and  coronoid  process. 

Fig.  4.  View  of  outer  side  of  left  elbow-joint.  A,  B,  C,  cut  ends  of  humei-us, 
radius,  and  ulna.  JD,  outer  condyle.  E,  external  lateral  ligament.  F,  coronary 
ligament  tightly  stretched  over  head  of  radius.  A  needle  has  been  thrust  beneath  the 
loose  fibro-synovial  membrane  below  the  coronary  ligament. 
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becomes  transverselj  Avrinkled ;  and  its  folds  are  carried  before  the 
iihia  and  radius,  and  are  received  into  tlie  upper  part  of  the 
coronoid  fossa  and  into  the  depression  in  front  of  the  outer  con- 
dyle, where  there  is  sufficient  space  to  prevent  its  being  squeezed 
betoken  the  approximated  surfaces  of  the  bones.  The  prepon- 
derating direction  of  the  chief  bundles  of  the  fibres  of  this  liga- 
ment is  fi'om  above  downwards  and  ouhvards,  though  some  of 
them  pass  do'^Aiiwards  and  inwards. 

Postei-ior  ii<^a-  T^liQ  Posterior  ligament  is  thinner  than  the  anterior. 

ment.  j^g  fi]bres  are  disposed  in  two  divisions,  of  which  one 

(fig.  2,  I)  and  PL  XXXI.  fig.  3,  B)  passes,  from  the  upper 
siu'face  of  the  olecranon,  between  its  margin  and  the  smooth 
eminence  (F)  for  the  bursa  under  the  triceps,  to  the  outer  and 
inner  sides  of  the  trochlea,  and  to  a  line  extending  transversely 
across  the  olecranon  fossa.  This  line  divides  the  fossa  into  two 
nearly  equal  parts ;  of  which  the  lower  is  included  in  the  joint, 
while  the  upper  is  occupied  by  an  elastic  cushion  of  fat  and  soft 
cellular  tissue,  which  adapts  itself  to  the  varying  space  in  the  fossa 
caused  by  the  movement  of  the  olecranon  to  and  fro. 

The  synovial  membrane  is  looser  and  less  closely  invested  by  sur- 
rounding tissues  in  the  neighbourhood  of  the  olecranon  than  at  any 
other  pai't ;  and  the  ligaments  are  here  weaker.  Hence  in  case  of  effusion 
into  the  joint  the  swelKng  may  be  first  perceived  in  this  situation,  and 
there  is  a  bulging  on  either  side  of  the  olecranon  and  of  the  tendon 
of  the  triceps. 

The  other  division  of  the  posterior  ligament  is  situated  nearer 
to  the  exterior  of  the  joint  (PI.  XXXII.  fig.  2,  E).  It  passes  from 
the  hinder  margin  of  the  lesser  sigmoid  cavity  of  the  ulna,  and  from 
the  adjacent  part  of  the  coronoid  ligament,  upwards  and  outwards, 
to  the  hinder  edge  of  the  articular  surface  of  the  outer  condyle. 
It  is  thicker  than  the  inner  division  which  is  connected  with  the 
olecranon.  It  is  rendered  tight  by  flexion  of  the  joint ;  and 
limits  that  movement.  The  preponderating  direction  of  its  fibres 
is  downwards  and  inwards  from  the  condyle  of  the  humerus, 
which  is  the  reverse  of  that  of  the  fibres  of  the  anterior  ligament. 
The  one  (the  posterior  ligament)  has,  consequently,  a  tendency  to 
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prevent  displacement  of  the  radius  and  ulna  «Viwards,  while  the 
other  has  a  like  influence  in  preventing  dislocation  oiitwaxds. 
internaiiaterai         "^^^^  Internal   lateral   ligament  (fig.  3)   is    of  trian- 
ligament.  gular  sliapc ;  it  radiates  from  the   under   edge  of  the 

internal  condyle  (A)  of  the  humerus  to  the  thick  projecting  inner 
edge  of  the  coronoid  process,  to  the  rough  inner  and  upper  portion 
of  the  olecranon,  and  to  the  interval  between  the  two  processes. 
It  is  of  considerable  strength,  and  may  be  described  as  consist- 
ing of  three  distinct  portions.  1.  The  middle  and  largest  por- 
tion {E)  rises  from  the  short  thick  ridge  that  descends  from  the 
internal'  condyle,  just  below  the  smooth  depression  for  the  attach- 
ment of  the  tendon  of  the  flexors  of  the  forearm,  forwards  and 
downwards,  towards  the  side  of  the  trochlea;  from  this  point  the 
fibres  radiate  out,  and  are  connected  with  the  inner  margin  of  the 
sigmoid  cavity,  between  the  coronoid  process  and  the  olecranon. 
Near  their  insertion  they  are  covered  by,  or  are  more  or  less  blended 
Avith,  a  bundle  of  tendinous  fibres  (G)  passing  from  the  olecranon 
to  the  coronoid  process.  The  point  of  attachment  of  this  middle 
portion  of  the  ligament  is  in,  or  near,  the  axis  of  motion  of  the 
joint,  and  its  component  fibres  are,  therefore,  tight  in  every  po- 
sition of  the  forearm.  2.  An  anterior  division  (C)  of  the  ligament 
runs  from  the  fore  part  of  the  condyle  to  the  side  of  the  coronoid 
process,  and  is  tense  during  the  state  of  extension  only.  Some  of 
its  fibres  {D)  descend  upon  the  side  of  the  coronoid  process  to 
the  shaft  of  the  ulna.  3.  A  posterior  portion  {F)  passes  from  the 
lower  and  hinder  edge  of  the  condyle  to  the  margin  of  the  ole- 
cranon, and  is  tight  only  when  the  joint  is  flexed. 
External  lateral  ^^^'^  Fxtemul  lateral  ligament  (fig.  4,  E)  is  also  a 
ligament.  radiating  ligament.     Its  upper  narrower  end  is  attached 

to  the  lower  and  anterior  edge  of  the  rough  projecting  ridge  on  the 
exterior  of  the  outer  condyle  {D),  and  to  a  small  pit  between  the 
extremity  of  that  ridge  and  the  middle  of  the  articular  surface  of 
the  capitulum.  Its  fibres  pass  downwards,  are  spread  out  fan-like, 
and  are  connected  with  the  outer  part  of  the  coronary  ligament 
[F);  the  foremost  fibres,  which  are  the  longest,  advance  upon  the 
front  of  the  joint  to  a  greater  extent  than  do  the  hinder  ones  upon 
the  back  of  the  joint.     The  latter  are  blended  with  the  fibres  of  the 
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posterior  ligament  (fig.  2,  E),  and  the  former  with  those  of  the 
anterior  ligament.  Some  of  the  fibres  are  tense  in  every  position  of 
the  joint ;  many  of  them,  however,  being  connected  with  the  con- 
dyle of  the  hmnerns  a  little  in  front  of  the  axis  of  motion,  are 
tightened  only  when  the  joint  is  extended. 

coronaiy  liga-  ^hc  CoronavTj  ligament  (PI.  XXXI.  fig.  1,  F,  fig.  2, 

'"'^"*-  E,  and  XXXII.  fig.  4,  F)  is  a  broad  strong  strncture 

applied  like  a  collar  round  the  flat  edge  of  the  head  of  the  radins, 
and  encircling  its  whole  circumference,  except  that  part  of  it  which 
occupies  the  lesser  sigmoid  cavity  of  the  ulna.  It  is  attached  to  the 
anterior  and  posterior  margins  of  the  lesser  sigmoid  cavity  of  the 
ulna,  and,  by  long  stout  bundles  of  fibres  (fig.  2,  F),  to  the  rough 
ridge  that  descends  from  the  hinder  edge  of  that  cavity,  as  well 
as  to  the  ridge  that  descends  from  the  inner  side  of  the  coronoid 
process  near  the  anterior  edge  of  the  cavity  (fig.  1,  H).  The  fibres 
fi-om  these  tw'o  ridges,  passing  outwards,  in  front  and  behind  the 
joint,  meet  on  the  exterior  and  form  an  inverted  arch,  which  is  tight- 
ened and  strengthened  by  the  blending  of  the  fibres  of  the  external 
lateral  ligament  (PI.  XXXI.  fig.  1,  E)  with  its  highest  point,  as 
well  as  by  the  union  of  the  fibres  of  the  anterior  and  posterior  liga- 
ments, in  fi'ont  and  behind  (PI.  XXXII.  fig.  1,  D,  and  fig.  2,  E). 
While  the  upper  edge  of  the  coronary  ligament  is  thus  tightly 
fixed  by  its  connection  with  these  three  ligaments  the  lower  con- 
cave edge  is  quite  free,  from  one  extremity  to  the  other,  having  no 
connection  with  the  radius,  except  through  tlie  medium  of  the 
synovial  membrane.  The  latter  lines  the  inner  surface  of  the 
coronary  ligament,  passes  beneath  its  lower  edge  for  some  dis- 
tance, and  is  thence  reflected  with  a  few  bundles  of  fibrous  tissue 
upon  the  neck  of  the  radius  (PL  XXXI.  fio".  1,  G,  and 

Xeck  of  radius        ^  ^  . 

circumstanced  fig.  2,  F).  Tlic  uppcr  part  of  the  neck  of  the  radius, 
humerus  and  like  thosc  of  the  liumcrus  and  femur,  is  surrounded 
femur.  -j^^    Synovial  membrane  with   a   thin    layer   of  fibrous 

tissue ;  and  it,  together  with  the  head  of  the  bone,  is  quite  free  to 
rotate  upon  the  outer  condyle  of  the  humerus,  in  the  circle  pre- 
scribed by  the  coronary  ligament. 

The  elbow-joint  is  very  liable  to  dislocation,  especially  in 

Dislocations.         t  .-,  ^  mi 

children.     The  accident  is  commonly  caused  by  a  f^ll    upon 
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tlie  band;  and  displacement  of  both  the  bones  backwards  is  the  most 
common  form  of  dislocation.  When  the  displacement  is  so  great  that 
the  coronoid  process  of  the  nlna  is  driven  back  into  the  olecranon  fossa 
of  the  humerus,  there  mnst  be  extensive  laceration  of  the  anterior  and 
lateral  ligaments.  I  have  found,  however,  that  the  displacement  is  not 
generally  so  complete,  but  that,  more  commonly,  the  coronoid  jjo'ocess 
rests  upon  the  hinder  part  of  the  trochlea,  its  passage  into  the  olecranon 
fossa  being  resisted  by  the  ligaments  and  muscles  which  are  less  torn 
than  in  the  complete  dislocation.  The  signs  of  the  displacement  under 
these  circumstances  are  not  very  distinct,  so  that  it  may  be  overlooked, 
without  care;  or  the  case  may  be  mistaken  for  one  of  fracture  of  the 
lower  end  of  the  humerus.  The  dislocation,  whether  complete  or  in- 
complete, may  generally  be  reduced  without  difficulty ;  indeed  it  is  often 
reduced  by  the  patient  or  by  a  friend,  before  it  is  seen  by  the  medical 
man.  Nevertheless,  I  have  now  and  then  found  it  necessary  to  use  con- 
siderable force  in  reducing  it.  It  is  probable  that,  in  such  cases,  the 
resistance  to  the  replacement  of  the  bones  was  owing  to  the  lateral  liga- 
ments remaining  more  or  less  uninjured.  The  coronary  ligament  is  torn 
only  when  one  of  the  bones  is  dislocated  without  the  other ;  for  instance, 
when  the  iilna  is  thrown  backwards,  or  when  the  radius  is  thrown  for- 
wards or  backwards  upon  the  outer  condyle.  The  displacement  of  the 
radius  in  the  latter  direction,  according  to  the  experience  of  Sir  A. 
Cooper,  is  a  less  frequent  occurrence  than  forwards,  which  we  should 
have  been  scarcely  led  to  expect  from  a  consideration  of  the  anatomy  of 
the  parts  and  of  the  direction  in  which  the  disturbing  forces  are  usually 
received. 

Several  examples  of  congenital  dislocation  have  been  described  ^  The 
peculiar  features  of  this  deformity  are  deficiency  of  the  capitulum  of  the 
humerus,  and  elongation  of  the  neck  of  the  radius;  so  that  the  head 
of  the  latter  bone  is  on  a  level  with  the  extremity  of  the  olecranon, 
aflfording  an  interesting  illustration  of  the  tendency  to  the  overgrowth 
of  the  extremity  of  a  bone  when  it  is  not  checked  by  the  pressure  of  the 
bone  against  which  it  should  have  been  applied  (see  p.  49). 
Loose  carti-  Loose  cartilages  are  occasionally  met  with  in  the  elbow- 

lages.  joints;    also    ossicles,    smooth    or   nodulated,    are,   now   and 

then,   found  hanging   into   the   coronoid  and   olecranon  fossae'.      These 


^  Cycl.  Anatomy,  article  '"Elbow." 
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ossicles  are  the  result  of  disease,  and  must  not  be  mistaken  for  sesamoid 
bones. 

THE  INFEEIOR  EADIO-ULNAR  JOINT  (Plates  XXXIII.  and  XXXIV.) 

corresponds  In  many  respects  with  the  superior  radio-uhiar  joint. 
In  the  hitter,  however,  the  round  head  of  the  radius  rotates,  upon 
its  OAvn  axis,  in  the  circle  formed  by  the  orbicuhir  ligament  and  the 
lesser  sigmoid  facet  of  the  ulna ;  whereas,  in  the  present  instance, 
the  end  of  the  radius  revolves  round  the  lower  end  of  the  ulna, 
and  the  concave  surface  on  the  side  of  the  former  bone  is  adapted 
to  the  convex  facet  on  the  side  of  the  latter.  The  direction  of  the 
articular  surfaces  is  very  oblique  from  below  upwards  and  outwards, 
(Plate  XXXIII.  fig.  1);  so  that  the  ulna  overhangs  the  radius,  and 
receives  part  of  the  forces  transmitted  from  the  wrist  ^.  The  great  bond 
Trianniiar  ^^  union  bctwcen  tlic  two  boucs  is  the  strong  triangular 
ligament.  ligament  (0),  which  is  connected,  by  its  base,  with  the 

projecting  ridges  that  bound  the  concave  facet  of  the  radius  in  fi-ont 
and  behind,  and  with  the  angular  line  that  intervenes  between 
those  ridges  and  separates  the  facet  for  the  ulna  from  that  for  the 
semihmar  bone.  The  apex  of  the  ligament  is  attached  to  a  rough 
space  on  the  ulna,  in  the  retiring  angle,  just  above  the  styloid  pro- 
cess, and  is  the  centre  around  which  the  base  of  the  ligament,  with 
the  radius,  revolves  in  pronation  and  supination.  The  synovial  cavity 
extends  a  short  distance  between  the  base  of  the  ligament  and  the 
lower  part  of  the  convex  surface  of  the  ulna,  and  is  quite  sliut  off 
from  the  wrist-joint  by  the  ligament;  it  extends  up  some  little  dis- 
tance between  the  radius  and  ulna,  and  is  enclosed  merely  by  the 
S}Tiovial  membrane,  which  is  attached  to  the  opposed  margins  of 
the  articular  surfaces  of  the  two  bones,  and  which  forms  a  loose 
bag  between  them  permitting  free  movement,  called  the  Memhrana 
sacciforinis  (fig.  2,  S). 


^  Guy's  Museum;  Otto,  Seltene  Beohctch.  ii.  37  ;  and  Transactions  of  Path.  Soc.  11. 
109  and  248. 

^  In  the  superior  radio-ulnar  joint  the  direction  of  the  shape  of  the  articular 
surfaces  is  just  the  reverse,  that  of  the  ulna  tracZcrhanging  that  of  the  radius. 
(PL  XXXI.  fig.  1,  H.) 
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JOINTS   OF   THE   WRIST  AND   HAND. 

Of  the  three  rows  of  joints  between  the  forearm  and  the  meta- 
carpus, the  upper — or  JRadio-carjjal — admits  of  the  most,  and  the 
lower — or  Carpo-metacarpal — of  the  least  motion.  In  neither  of 
the  joints  is  much  security  afforded  bj  the  shape  of  the  articular 
surfaces,  nor,  indeed,  by  the  ligaments,  the  especial  office  of  which 
is  to  bind  the  bones  together.  Nevertheless  dislocations  at  this 
part  are  very  rare,  scarcely  ever  occurring  except  as  the  result  of 
some  violent  contusion,  which  is  attended  with  extensive  laceration  of 
the  soft  parts  and  with  fracture  of  the  bones.  The  strength  of  these 
joints  is  in  great  measure  due  to  the  number  of  tendons  which  pass 
over  them,  and  to  the  quantity  of  tough  fibrous  tissue  which  forms 
the  sheaths  of  the  tendons.  So  firmly  are  the  several  bones  bound 
together  by  these  means,  that  the  carpal  and  metacarpal  joints  are 
capable  of  withstanding  a  far  greater  force  than  the  radius  and 
ulna.  Their  strength  is  also  partly  due  to  the  fact  that  the  move- 
ments are  shared  by  several  joints,  and  are,  therefore,  not  very  free 
in  any  one. 


DESCEIPTION   OF   PLATE   XXXIII. 

Fig.  I.  Vertical  section,  from  side  to  side,  through  the  right  Avrist.  A  the  radius. 
£,  the  ulna.  C,  triangular  ligament.  I>,  internal  lateral  ligament.  E,  external 
lateral  ligament.  F,  scaphoid  bone ;  G,  semilunar ;  H,  cuneiform ;  with  ligaments 
uniting  their  upper  edges.  /,  trapezium.  K,  trapezoid.  L,  magnum.  M,  unciform. 
Transverse  ligamentous  fibres  unite  the  two  latter.  N,  N,  transverse  ligaments  between 
heads  of  middle  metacarpal  bones.  These,  in  consequence  of  the  arched  form  of  the 
part,  laid  behind  the  section  which  passed  through  the  heads  of  the  metacarpal  bone 
of  the  thumb  (0)  and  the  little  finger  (P). 

Fig.  2.  Hind  view  of  left  wrist-joint.  A,  radius.  B,  ulna.  C,  triangular 
ligament.  D,  internal  lateral  ligament,  passing  to  cuneiform  bone,  and  on,  from  it, 
to  lesser  metacarpal  bone.  E,  external  lateral  ligament.  F,  G,  H,  portions  of  posterior 
ligament  passing  respectively  to  cuneiform,  semilunar  and  scaphoid.  /,  transverse 
ligament  extending  from  {K)  the  scaphoid  to  {L)  the  cuneiform  bone.  M,  head 
of  OS  magnum.  N,  unciform  bone.  0,  Tendon  of  extensor  carpi  radialis  longior. 
P,  tendon  of  extensor  carpi  radialis  brevior,  raised  to  shew  the  process  of  third  meta- 
carpal bone  upon  which  it  lies.  Q,  Transverse  ligament  between  metacarpal  bones  of 
thumb  and  forefinger.  R,  carpo-metacarpal  and  transverse  metacarjial  ligaments, 
<S',  membrana  sacciformis. 


-^la^SXXllL. 
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THE   EADIO-CARPAL   JOINT.      (Plates  XXXIII.  and  XXXIV.) 

In  the  Radio-carpal  joint  tlie  lower  end  of  the  radius, 

Disposition  of  _  . 

articular  sur-  and  the  ti'iangular  ligament  supported  upon  the  ulna, 
present  a  superficial  concave  surface  which  receives  the 
convexity  formed  by  the  Scaphoid,  Semilunar,  and  Cuneiform  bones. 
The  middle  and  larger  portion  of  this  surface  is  oval,  w4th  the 
g-reatest  diameter  from  before  backwards,  and  is  devoted  to  the 
Semilunar  bone.  The  outer,  more  cone-shaped,  division  receives 
the  Scaphoid ;  and  the  inner  or  smallest  segment,  which  is  formed 
by  the  triangTilar  ligament,  bears  the  Cuneiform  bone.  The  two 
latter  bones  rest  upon  their  respective  surfaces  in  a  partial  and 
slanting  manner  only,  their  position  being  such  that  a  considerable 
part  of  the  weight  received  by  them  is  transmitted  to  the  semilunar 
bone  which  rests  more  perpendicularly,  and  by  a  larger  area,  upon 
the  radius. 

The  movements  of  this  joint  are  not  very  free  in 

Movements.  .  .  n       '  i  •         • 

any  direction.  T  hey  are  flexion  and  extension,  m  which 
the  carpus  revolves  upon  a  transverse  axis  drawn  between  the  ex- 
tremities of  the  styloid  processes  of  the  radius  and  ulna ;  and  adduc- 
tion and  adduction,  in  which  the  carpus  revolves  upon  an  antero-pos- 
terior  axis  drawn  through  the  head  of  the  os  magnum.  Adduction 
may  be  effected  to  a  gi-eater  extent  than  abduction,  in  consequence 
of  the  mode  of  disposition  of  the  lateral  ligaments  ;  and  with  greater 
power,  in  consequence  of  the  leverage  afforded  by  the  projection  of 
the  cuneiform  and  pisiform  bones  on  the  inner  side  of  the  wrist. 
This  is  the  reason  that  the  hand  commonly  assumes  the  position 
of  adduction,  and  the  little  finger  becomes  inclined  towards  the 
ulna,  when,  from  disease  or  other  cause,  the  muscles  lose  the  in- 
fluence of  volition  and  exercise  an  uncontrolled  sway  over  the 
part. 

Rotation  does  not  take  place  in  the  wrist,  being  prevented  by 
the  ti-ansversely  elongated  shape  of  the  articulation.  It  is,  how- 
ever, provided  to  the  hand  by  the  pronation  and  supination  of  the 
radius  upon  the  ulna.     There  are  movements  intermediate  between 
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those  above  mentioned  (that  is,  between  flexion  and  extension,  on 
the  one  hand,  and  abduction  and  adduction  on  the  other) ;  these  con- 
stitute a  sort  of  circumduction. 

Posterior  liga-  ^^^  ^^^^  back  of  the  joiut  the  ligaments  are  weak. 

ment.  Quc  band  (PL  XXXIII.  fig.  2,  F)  passes  from  the  edge 

of  the  groove  upon  the  radius,  which  is  occupied  by  the  extensors 
of  the  fingers,  to  the  back  of  the  cuneiform  bone ;  another  ( G)  rims 
from  the  ridge  and  groove  for  the  extensor  tertii  internodii  poUicis 
to  the  back  of  the  semilunar  bone ;  and  a  third  [H)  from  the  groove 
for  the  radial  extensors  to  the  back  of  the  scaphoid  bone.  These 
three,  more  or  less  closely  united  by  intervening  fibres,  make  up 
the  Posterior  ligament.  The  direction  of  their  fibres  is  chiefly 
outwards  as  well  as  downwards,  so  that  they  assist  in  carrying 
the  hand  with  the  radius  in  pronation. 

Anterior  uga-  '^^^®    Anterior    ligament    (PI.    XXXIY.)    is    much 

ment.  stronger;  and  the  fibres,  passing  obliquely  inioards  as 

well  as  downwards,  assist  in  carrying  the  hand  with  the  radius 
in  the  powerful  movement  of  supination.  It  consists  of  two  chief 
bands;  an  outer  one  (i^),  arising  from  the  stout  ridge  just  above  the 
styloid  process  of  the  radius,  or  rather  from  an  uneven  depression 
between  that  ridge  and  the  margin  of  the  articular  surface  for  the 
scaphoid  bone,  runs  over  the  scaphoid  bone,  having  very  little  con- 
nection with  it,  and  is  attached  chiefly  to  the  semilunar  bone;  some 


DESCRIPTION   OF   PLATE   XXXIV. 

Front  view  of  joints  of  wrist  and  fingers.  A,  radius.  B,  ulna.  C,  triangular 
ligament.  D,  internal  lateral  ligament.  E,  external  lateral  ligament.  F  and  G, 
outer  and  inner  portions  of  anterior  ligament,  with  the  interval  between  them.  H, 
pisiform  bone;  /,  unciform  process,  and  K,  strong  interosseous  ligament  between  the 
two.  L,  ligament  from  pisiform  to  5th  metacarpal  bone.  M,  trapezium.  N,  tendon  of 
flexor  carpi  radialis  entering  groove  in  trapezium.  0,  0,  cut  edges  of  anterior  annular 
ligament.  P,  capsule  of  carpo-metacarpal  joint  of  thumb.  Q,,  sesamoid  bone  con- 
nected with  the  other  sesamoid  by  transverse  ligament  (R),  with  the  metacarpal  bone 
by  anterior  fibres  of  lateral  ligament  (<S),  and  with  phalanx  by  short  stout  fibres  {T). 
U,  sesamoid  body  of  forefinger  connected  with  interosseous  muscle  ( V),  with  the 
phalanx,  and  with  the  transverse  ligament.  W,  W,  sesamoid  bodies  in  front  of  phalan- 
geal joints.  X,  X,  prominences  on  fore  part  of  head  of  metacarpal  bone.  Y,  depres- 
sion between  the  prominences.     Z,  membrana  sacciformis. 
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of  its  fibres  run  on  to  the  magnum  and  unciform  bones.  Tlie  inner 
band  {G),  arising  from  tlie  eminence  that  surmounts  the  articular 
surface  for  the  semilunar  bone,  runs  over  the  semilunar  bone,  and 
is  attached  to  the  adjacent  parts  of  the  magnum  unciform  and 
cuneiform  bones.  The  fibres  of  this  band  are  less  oblique  than 
those  of  the  outer  portion.  Between  these  two  bands  is  an  interval 
corresponding  with  a  slight  depression  in  the  radius.  Vessels  pass 
into  the  joint  here. 

External  lateral  ^^iQ  External  lateral  ligament  {E)  passes,  from  the 
ugament.  extremity  and  fore  part  of  the  styloid  process  of  the 
radius,  to  the  inner  and  fore  part  of  the  scaphoid  and  the  adjacent 
edge  of  the  os  magnum.  The  fibres  of  this  ligament,  being  directed 
inwards,  to  the  fore  part  rather  than  the  side  of  the  joint,  so  as  to 
be  blended  or  nearly  blended  with  those  of  the  anterior  ligament, 
combine  with  the  latter  in  limiting  the  extension  of  the  wrist,  as 
well  as  in  assisting  to  carry  the  hand  with  the  radius  in  supination. 
They  also  serve  to  limit  adduction  of  the  hand. 
Internal  lateral  '^^^®  Internal  lateral  ligament  (D)  passes,  from  the 
ligament.  extremity  and  outer  side  of  the  styloid  process  of  the 

ulna,  to  the  side  of  the  cuneiform  and  the  pisiform  bones.  Some  of 
its  fibres,  arising  in  close  connection  with  those  of  the  triangular 
ligament,  pass  outwards,  nearly  parallel  with  them,  and  are  attached 
to  the  fore  part  of  the  cuneiform  and  to  the  adjacent  edges  of  the 
unciform  and  semilunar  bones.  It  limits  abduction  of  the  wrist, 
and  also  contributes,  with  the  anterior  and  external  lateral  liga- 
ments, to  limit  extension. 


THE  CAEPAL  JOINTS.     (Plate  XXXIII.) 

The  sm-faces  of  the  carpal  bones  present  great  variety  of  form, 
and  are  well  adapted  to  each  other.  The  several  bones  are  bound 
together  by  short  ligaments  passing,  from  one  to  the  other,  in  front 
and  behind,  as  well  as  by  an  extension  upon  them  of  the  fibres  of  the 
ligaments  of  the  v,Tist-joint  just  described,  by  the  sheaths  of  the 
tendons,  and  by  the  annular  ligaments.    The  bones  of  each  row  are 


430  THE   JOINTS   OF   THE    UPPER   EXTREMITY. 

also  united  together  by  secondary  ligamentous  bundles  extending 
Intermediate  between  tliem  in  a  transverse  direction.  In  (fig.  1)  these 
ugaments.  Intermediate  ligaments  are  seen  passing  from  the  scaphoid 
to  the  semi-lunar  and  from  the  semi-lunar  to  the  cuneiform;  also 
from  the  unciform  to  the  magnum,  whereas  between  the  trapezoid 
and  the  trapezium  the  continuity  of  the  carpal  Avith  the  carpo-meta- 
carpal  joints  is  shown.  In  the  first  row  they  are  situated  close 
to  the  ujjper  edges  of  the  bones,  so  as  to  fill  up  the  intervals  be- 
tween them,  to  prevent  their  separation  by  the  pressure  of  the  os 
magnum,  and  to  present  an  even  convex  surface  to  the  radius  and 
the  triangular  ligament.  The  intermediate  ligaments  are  all  trans- 
verse, uniting  the  bones  of  the  respective  carpal  rows,  and  not 
passing  between  the  two  rows,  so  that  the  latter  are  left  free  to 
play  ujDon  one  another. 

Joint  between  Thus  a  sccoud  hingc-joiut  is  formed,  which  resembles 

first  and  second  ^|^g  wrist-ioiut,  and  iucrcascs  the  range  of  flexion   and 

row  of  carpal  "^  ° 

bones.  exteiision  of  the  hand  upon  the  forearm.     In  the  wrist- 

joint  extension  is  more  free  than  flexion,  owing  to  the  articulating 
surfaces  being  continued  fmrther  upon  the  dorsal  than  upon  the 
palmar  aspect  of  the  carpal  bones.  This,  however,  is  more  than 
counterbalanced  by  the  amount  of  flexion  which  is  permitted  in 
the  joint  between  the  two  rows  of  carpal  bones.  So  that,  on  the 
whole,  the  range  of  flexion  of  the  hand  upon  the  forearm  is  greater 
than  that  of  extension.  The  alternating  concavo-convex  facets  of 
the  two  rows  are  so  adapted  to  one  another  as  to  prevent  all 
movements  besides  flexion  and  extension;  and  the  joint  is  ren- 
dered very  secure  by  the  extent  and  variety  of  shape  of  the  opposed 
surfaces. 

Dislocation  Dislocation  of  the  second  row  forwards  is  prevented  by 

i'a>"6-  the  manner  in  which  the  concave  surfaces  of  the  trapezium 

and  trapezoid  rest  upon  the  posterior  convex  facet  of  the  scaphoid,  as 
well  as  by  the  undulating  manner  in  which  the  side  of  the  unciform  is 
disposed  with  regard  to  the  side  of  the  cuneiform.  Displacement  hack- 
wards  is  prevented  by  the  manner  in  which  the  round  head  of  the  os 
magnum  (fig.  2,  M),  and  the  convex  posterior  and  upper  surface  of  the 
unciform  {N)  are  let  into  the  hollow  formed  in  the  anterior  and  inferior 
surfaces  of  the  scaphoid  semilunar  and  cuneiform. 
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The  cup  for  the  head  of  the  os  mao-num  is  further 

Transverse  ^         i  o 

ugament.  deepened  hy  a  strong  Transverse  ligament  (J)  extending, 

across  the  head  of  the  os  magnum,  from  the  back  of  the  scaphoid 
[K)  to  the  back  of  the  cuneiform  {L). 

other  u^a-  'Y^liQ  joiut  between  the  two  rows  has,  in  addition, 

ments.  spccial  ligamcuts,  resembling  those  of  an  ordinary  hinge- 

joint.  The  Posterior  ligament  consists  of  a  few  delicate  bundles, 
which  pass  between  the  adjacent  edges  of  the  contiguous  bones.  It 
is  weak,  much  strength  being  rendered  unnecessary  by  the  quan- 
tity of  fibrous  tissue  which  is  derived  from  the  sheaths  of  the 
tendons  at  the  back  of  the  wrist.  The  Anterior  ligament  consists  of 
bundles  similarly  disposed,  and  is  stronger  than  the  posterior, 
though,  for  a  similar  reason,  it  is  not  very  strong.  The  External 
ligament  is  broad  and  strong,  and  composed  of  bundles  of  fibres 
passing  fi'om  the  outer  edge  of  the  scaphoid  to  the  outer  edge  of 
the  trapezium.  Its  anterior  fibres  limit  extension,  and  its  posterior 
fibres  limit  flexion.  The  Internal  ligament  passes  from  the  edge  of 
the  pisiform  to  the  adjacent  edge  and  hamular  process  of  the 
unciform.  It  is  situated  nearer  the  front  than  the  back  of  the 
joint,  and  serves  to  limit  extension. 

Annular  ^liQ  scvcral  Carpal  bones  are  held  together  by  other 

ugaments.  sliort  ligaments  which  need  no  especial  description. 
Besides  these,  there  are  the  Anterior  and  Posterior  annular  liga- 
ments, both  of  which  are  of  considerable  strength.  The  Anterior, 
passing  from  projecting  bony  points — the  pisiform  and  the  hamular 
process  of  the  unciform — on  the  one  side,  to  the  scaphoid  and  trape- 
zium on  the  other,  strengthens  the  carpal  arch  and  binds  down  the 
flexor  tendons.  Its  deeper  fibres  are  reflected  inwards  upon  the 
anterior  surface  of  the  carpal  bones,  are  continuous  with  the  inter- 
osseous ligaments,  and  converge  towards  the  head  of  the  os  magnum. 
The  Posterior  annular  ligament,  arising  from  the  ridges  on  the 
hinder  surface  of  the  radius,  passes  inwards  and  downwards  to  the 
cuneiform,  pisiform  and  little  metacarpal  bones ;  it  binds  down  the 
extensor  tendons,  and  assists  to  carry  the  hand  with  the  radius  in 
pronation.  Its  uppermost  fibres,  which  curl  beneath  the  lower 
extremity  of  the  ulna,  in  their  way  to  the  pisiform  bone,  and 
which  bind  down  the  extensor  carpi  ulnaris,  are  particularly  strong. 
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The  various  carpal  joints  are  continuous  with  one  another,  with 
the  radio-carpal  joint  above  and  with  the  carpo-metacarpal  joints 
below. 


CAEPO-METACARPAL  JOINTS. 

The  distal  edge  of  the  carpus  presents  a  remarkably  wavy  line, 
to  which  the  metacarpus  is  adapted ;  each  bone  is  convex  at  one 
part  and  concave  at  another  (PI.  XXXIIL  fig.  1) ;  and  the  several 
convexities  and  concavities  are  arranged  alternately,  which  affords 
so  great  security  that  dislocation  scarcely  ever  takes  place.  The 
metacarpal  bones  are  imited  to  the  carpal  by  short  ligaments  pass- 
ing from  one  to  the  other  on  the  dorsal  (fig.  2,  R)  and  palmar 
surfaces ;  and  the  proximal  extremities  of  the  former  are  bound 
together  by  transverse  ligaments  (fig.  1 ,  N) .  The  metacarpal  bones 
of  the  index  and  middle  fingers  are  almost  immoveable ;  and  the 
ligaments  uniting  them  with  the  carpus  are  consequently  short. 
The  metacarpal  bones  of  the  ring  and  little  fingers  are,  to  a  certain 
extent,  moveable  (p.  391),  and  are  less  tightly  bound  to  the  carpus; 
and,  in  the  case  of  the  little  finger,  there  is  a  regular  capsule  of 
considerable  strength,  resembling  very  much  that  which  binds  the 
thumb  to  the  trapezium  ^ 


JOINTS  OF  THE  THUMB.     (Plate  XXXIV.) 

carpo-meta-  l^liQ   carpo-uictacarpal  joint   of  the  thumb  is  pro- 

carpai  joint.  tectcd  by  a  Capsular  liga7nent  (P),  which  is  composed 
of  bands  passing  from  the  trapezium  to  the  metacarpal  bone. 
These  are  stronger  at  some  points  than  at  others,  have  been  de- 
scribed as  separate  ligaments,  and  have  been  named,  according  to 
their  position,  dorsal,  ])almar,  internal,  and  external.  They  are 
stronger  upon  the  hinder  part,  where  the  joint  is  least  covered  by 
muscles,  than  elsewhere.  These  bands  are  not  tight,  do  not  hold 
the  bones  closely  together,  and  do  not,  therefore,  prevent  move- 


See  similar  disposition  described  in  the  account  of  the  tarso-metatarsal  joints. 
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ment  in  any  direction ;  tliej  merely  set  bounds  to  it.  The  move- 
ments are  regulated  by  the  shape  of  the  articular  surfaces.  In 
flexion  and  extension  the  thumb  slides  to  and  fro  upon  the  trape- 
zium, and  revolves  in  a  circle,  the  centre  of  which  is  at  some  dis- 
tance above  the  trapezium ;  whereas  in  abduction  and  adduction 
the  thumb  revolves,  in  the  socket  of  the  trapezium,  upon  an  axis 
drawn  through  its  own  head.  Circumduction  may  take  place  freely ; 
but  there  is  no  rotation. 

A  ligament  (PI.  XXXIII.  fig.  2,  Q),  corresponding  with  the 
transverse  metacarpal  ligaments  just  mentioned,  runs  from  the 
upper  end  of  the  metacarpal  bone  of  the  thumb  to  the  adjacent 
extremity  of  the  metacarpal  bone  of  the  index  finger,  and  serves  to 
prevent  midue  separation  of  the  thumb  from  the  fingers. 

The  thumb  is  much  exposed  to  injury,  the  range  of  its  movement 
upon  the  carpus  being  free.  But  the  ligaments  binding  it  to  the  trape- 
zium are  very  strong;  and  this  joint  receives  so  much  support  from 
adjacent  muscles  and  tendons  that  it  is  rarely  dislocated.  Sir  A.  Cooper 
and  Boyer  each  met  with  but  one  instance  of  the  accident. 

THE   METACAEPO-PHALANGEAL   JOINT 

of  the  thumb  is  practically  a  hinge-joint,  the  ordinary  movements 
being  those  oi  flexion  and  extension.  Slight  lateral  motion  may  be 
effected  Avhen  the  joint  is  a  little  bent ;  but  much  lateral  motion  is 
not  here  required  in  consequence  of  the  free  play  of  the  metacarpal 
bone  upon  the  carpus.  The  articular  surfaces  present  a  similarity  to 
those  both  of  the  metacarpo-phalangeal  and  of  the  phalangeal  joints 
of  the  fingers.  Thus  the  head  of  the  metacarpal  bone  resembles 
the  heads  of  the  other  metacarpal  bones  in  its  rounded  form,  and  in 
the  prolongation  of  its  articular  surface  upon  the  palmar  aspect  by 
means  of  two  stout  lateral  tubercles  with  a  marked  depression  be- 
tween them.  These  tubercles,  upon  which  the  sesamoid  bones  rest, 
and  the  intervening  fossa,  are  even  more  marked  in  this  than  are 
the  corresponding  features  in  the  other  metacarpal  bones.  The  first 
phalanx  of  the  thumb,  on  the  other  hand,  resembles  the  second 
phalanges  of  the  fingers  in  presenting  a  slight  projection  forwards 
of  its  articular  surface  in  the  middle,  so  as  to  form  a  blunt  tooth- 

28 
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like  process,  which,  jutting  between  the  sesamoid  bones,  and  falling, 
when  the  thumb  is  bent,  between  the  lateral  prolongations  of  the 
metacarpal  bone,  on  which  the  sesamoids  rest,  serves  to  steady  the 
joint  and  to  prevent  lateral  motion  in  the  flexed  position. 
Lateral  '^-'^^^  Lateral  ligaments  (PL  XXXIV.   S)  are  short 

ligaments.  q^^^  vcrj  stroiig.  They  radiate  from  the  depressions  on 
the  sides  of  the  head  of  the  metacarpal  bone  to  the  sides  of  the  base 
of  the  second  phalanx,  and  to  the  sides  of  the  sesamoid  bones. 
They  are  so  arranged,  with  the  greater  number  of  their  fibres  at- 
tached a  little  in  front  of  the  centre  of  motion,  that  they  are  most 
tight  when  the  joint  is  extended ;  and  they  serve,  therefore,  to  limit 
extension,  as  well  as  to  prevent  lateral  motion  when  the  joint  is 
extended.  When  the  joint  is  a  little  bent  they  are  relaxed,  and 
permit  some  lateral  motion  to  take  place.  If  the  joint  is  more 
bent  the  hinder  fibres  become  tightened ;  and,  pressing  the  bones 
closely  together,  they  serve  to  limit  flexion,  and  again  prevent 
lateral  motion.  They  are  connected  behind  by  ligamentous  fibres 
passing  from  one  to  the  other,  across  the  joint,  and  forming  a  loose 
capsule,  which  contributes  to  limit  flexion. 

The  two  Sesamoid  hones  (Q)  receive  the  tendons  of 

Sesamoid  bones. 

the  short  flexor  muscle,  and  fulfil  the  several  purposes 
which  are  served  by  similar  bones  in  other  parts.  They  are  con- 
nected with  one  another  by  a  transverse  ligament  (i?),  upon  which 
the  long  flexor  tendon  plays,  and  with  the  fore  part  of  the  base  of 
the  phalanx  by  very  strong  short  ligamentous  fibres  {T).  With 
the  metacarpal  bone  they  are  united  only  by  means  of  the  short 
flexor  muscle  and  a  few  fibres  of  the  lateral  ligaments  (>S'). 

fdiffi  When   the  joint    is    dislocated,    which   almost    always 

cuity  in  re-        takes  place  from  the  phalanx  being  bent  forcibly  backwards, 

ducing  disloca-  _  _  i         •   i        i  i     i  i 

tionsofthis  the  sesamoid  bones  are  caiTied  back  with  the  phalanx  and 
jomt.  become   placed  behind  the   head  of  the   metacarpal  bone, 

which  is  pressed  forwards  between  the  bellies  of  the  short  flexor  muscle. 
This  is  the  cause  of  the  dislocation  being  often  so  difl&cult  to  reduce; 
for  the  displaced  sesamoid  bones  intervene  between  the  hinder  surface 
of  the  metacarpal  bone  and  the  anterior  surface  of  tbe  phalanx,  and, 
being  drawn  upwards  in  this  position  by  the  contraction  of  the  short 
flexor  muscle,  prevent  the  articular  surfaces  from  coming  into  contact,  and 


THE   JOINTS    OF   THE    UPPER    EXTREMITY.  435 

offer  an  obstacle  to  their  replacement,  which  has  often  been  found  insur- 
mountable. That  this  position  of  the  sesamoid  bones  and  of  the  short 
flexor  muscle  is  really  the  cause  of  the  difficulty  may  easily  be  proved 
by  dislocating  the  bones  in  the  dead  subject.  It  will  be  found  that  one 
or  both  the  lateral  ligaments  are  torn,  and  that  the  sesamoid  bones 
retain  their  connection  with  the  phalanx,  and  with  the  short  flexor 
muscle  in  the  manner  I  have  described'.  If  now  the  short  flexor  be 
seized  with  the  forceps  and  kept  on  the  stretch  so  as  to  act  only  slightly 
upon  one  sesamoid  bone,  very  powerful  traction  may  be  used  without 
replacing  the  phalanx.  Whereas  if  the  lower  end  of  the  sesamoid  bone 
be  hitched  a  little  forward  upon  the  head  of  the  first  phalanx,  or  even  if 
the  influence  of  the  short  flexor  be  relaxed,  the  dislocation  is,  at  once, 
easily  reduced.  In  the  living  subject  the  difficulty  may  sometimes  be 
overcome  by  bending  back  the  phalanx,  and  so  tilting  the  lower  edges  of 
the  sesamoid  bones  downwards  and  forwards  upon  the  head  of  the 
metacarpal  bone.  If  a  case  resisted  traction,  tried  to  a  fair  extent,  I 
should  be  disposed  to  make  an  incision,  at  a  convenient  place,  suffi- 
ciently large  to  admit  a  small  blunt  hook  with  which  I  would  endeavour 
to  pull  forwards  the  sesamoid  bones.  It  should  not  be  forgotten  that, 
though  the  sesamoid  bones  create  so  much  difficulty  in  reducing  the 
dislocation,  they  afford  very  great  protection  to  the  joint  against  such 
displacement,  extending,  as  they  do,  the  area  of  the  osseous  surface 
articulated  with  the  metacarpal  bone,  and  converting  it,  from  an  almost 
flat,  to  a  deeply  concave  shape,  in  short,  constituting  a  quasi  olecranon 
to  the  base  of  the  phalanx '. 

Phalangeal  '^^^  terminal  joint  of  the  thumb  is  a  simple  hinge- 

joint  joint  provided  with  Lateral  ligaments,  which  are  strong, 

and  which  arise  from  depressions  on  the  sides  of  tlie  first  phalanx, 
at  points  about  corresponding  with  the  axial  line  of  motion  of 
the  joint.  They  are  implanted  into  the  projecting  lateral  margins 
of  the   second  phalanx  near  its  base,  and  into  the  edges  of  the 


^  In  a  dissected  specimen  in  the  Berlin  museum  the  same  thing  is  seen.  The  sesa- 
moid boaes  are  thrown  back  with  the  phalanx,  and  the  head  of  the  metacarpal  bone 
presents  between  the  bellies  of  the  short  flexor  muscle. 

^  Velpeau  has  twice  seen  the  first  phalanx  of  the  thumb  pass  in  front  of  the  meta- 
carpal bone  ;  and  in  the  first  example,  which  had  occurred  three  days  previously,  he,  as 
well  as  MM.  Bougon  and  Eoux,  failed  in  their  endeavours  to  reduce  it. 
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sesamoideal  bodj.  They  are  in  a  state  of  nearly  equal  tension  in 
every  position  of  the  joint.  Perhaps  they  are  somewhat  more  tight 
when  forced  extension  is  attempted  than  at  other  times;  but  the 
difference  is  not  great. 

On  the  palmar  surface  of  the  joint  is  a   Sesamoid 

Sesamoid  body 

hody  ( W)  composed  of  a  flattened  lump  of  nbro-cartilage 
with,  in  some  instances,  a  bony  nucleus  or  sesamoid  bone  in  its 
interior.  This  body  lies  beneath  the  flexor  tendon  and  serves 
to  increase  its  power  by  throwing  it  out  from  the  joint,  and  dis- 
tancing it  from  the  centre  of  motion.  Like  the  sesamoid  bones 
of  the  metacarpo-phalangeal  joint  it  is  only  slightly  connected 
with  the  bone  on  the  proximal  side  of  the  joint,  and  that  chiefly 
through  the  medium  of  the  lateral  ligaments  which  run  into  its 
edge.  It  is  united  by  tough  ligamentous  fibres  to  the  base  of  the 
distal  phalanx,  and  follows  it  in  its  movements. 

Accordingly,  as  in  the  case  of  the  preceding  joint,  it  serves 
cuity  in  re-  to  prevent  dislocation  of  the  last  phalanx  backwards ;  and 
ducmg  disioca-   ^^ien  that  accident  does  take  place  it  is  carried  with  the  dis- 

tions.  J^ 

placed  bone  behind  the  head  of  the  1st  phalanx.  Being  here 
placed  between  the  two  articular  surfaces  it  prevents  their  coming  into 
contact  when  attempts  at  reduction  are  made ;  and  the  greater  the  force 
which  is  exerted  the  more  tightly  is  it  wedged  between  the  two  bones. 
I  have  proved  this  to  be  so  by  experiments  on  the  dead  body.  In  one 
case  of  compound  dislocation  in  which  powerful  extension  and  divers 
expedients  to  reduce  the  bones  had  been  made  for  more  than  an  hour  by 
myself  and  others  without  success,  I  contrived  to  carry  a  probe  to  the 
back  of  the  joint  beneath  the  sesamoid  body  and  tilted  up  its  lower  edge; 
the  dislocation  was  immediately  reduced  and  without  any  further  dif- 
ficulty. 


JOINTS  OF  THE  FINGERS. 

The  metacarpo-phalangeal  and  the  phalangeal  joints  of  the 
fingers  resemble  those  of  the  thumb  very  closely.  On  the  palmar 
surface  of  the  metacarpo-phalangeal  joints  are  thick  plates  of  fibro- 
cartilage,  which  are  joined  together  by  strong  transverse  ligaments 
binding  the  metacarpal  bones  together.     They  are  grooved  by  the 
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flexor  tendons  ;  and  tendinous  expansions  pass  from  their  edges  over 
the  tendons.  These  Sesamoid  hodies,  like  the  sesamoid  bones  of 
the  thumb,  are  connected,  at  their  sides,  with  the  lateral  ligaments. 
Their  upper  edges  are  slightly  united  with  the  metacarpal  bones, 
and  their  lower  edges  are  more  closely  bound  to  the  phalanges. 
They  serve  the  purpose  of  preventing  dislocation  backwards,  and 
of  distancing  the  tendons  from  the  centres  of  motion.  They  fol- 
low the  phalanges  in  the  movements  of  the  joints  and  in  disloca- 
tions, but  do  not  offer  so  formidable  an  obstacle  to  the  reduction  of 
the  bones  as  in  the  case  of  the  thumb.  Sesamoid  bones  are 
occasionally,  though  rarely,  developed  in  them^;  they  are  most 
frequently  found  on  the  radial  side  of  the  index,  and  on  the 
ulnar  side  of  the  little,  finger.  Sesamoideal  fibro-cartilages,  simi- 
lar in  shape,  connections,  and  use,  to  that  in  the  second  joint  of 
the  thumb,  are  found  on  the  palmar  surfaces  of  each  of  the  pha- 
langeal joints  of  the  fingers.  They  are  much  smaller  than  that  in 
the  thumb ;  and  I  am  not  aware  that  bone  is  ever  developed  in 
them^.  They  are  all  more  intimately  connected  with  the  distal 
than  with  the  proximal  bones  of  the  several  joints,  and  are  to  be 
regarded  as  appendages  to  the  former  rather  than  to  the  latter ;  in 
the  same  manner  as  the  olecranon  is  an  appendage  to  the  ulna 
rather  than  to  the  humerus,  and  the  patella  to  the  tibia  rather  than 
to  the  femm\ 


^  Morgagni,  adv.  anat.  2 ;  animadv.  30,  p.  64. 

^  Ilg,  Monographie  der  Sehnenrollen,  Prag.  1823,  Erste  Abschnitt,  s.  3,  describes 
these  bodies  under  the  name  of  Sehnenrollen,  and  says  that  they  are  present,  throughout 
the  mammalian  class,  on  the  flexor  side  of  the  fingers  and  toes,  wherever  the  movements 
are  free,  and  that  whenever  sesamoid  hones  are  developed  in  those  of  the  proximate 
joints  they  are  generally  in  pairs,  whilst  in  those  of  the  distal  joints  they  are  single. 
In  the  Ape,  he  says,  there  are  two  sesamoid  bones  in  the  Sehnenrollen  of  each  of  the 
metacarpo-phalangeal  joints  of  the  four  fingers  and  of  the  thumb — one  on  the  radial, 
the  other  on  the  ulnar  side —  ;  whereas  in  the  ungual  joints  there  are  neither  sesamoid 
bones  nor  Sehnenrollen,  which  is  an  exception  to  the  general  rule  in  mammals. 


THE   PELVIS 

The  ring  the  ^^  ^  bony  ring  interposed  between  the  spine  and  the 
essential  part:  Jower  extremities,  so  as  to  transmit  the  weight  of  the 
head  and  trunk  from  the  former  to  the  latter.  The  essential  part 
of  the  pelvis  is  the  circle  Avhich  separates  the  true  from  the  false 
pelvis,  and  which  is  formed,  above  and  behind,  by  the  upper 
portion  of  the  sacrum  ;  below  and  in  front,  by  the  upper  part  of  the 
pubic  bones  together  with  the  symphysis ;  and,  on  the  sides,  by  the 
linese  ilio-pectinese,  and  the  adjacent  thick  middle  portion  of  the  iliac 
bones^  This  circle  is  connected  with  the  spine,  above,  in  the  middle 
line,  and  with  the  thigh-bones  on  the  sides ;  and  it  is  the  direct 
means  by  which  the  weight  is  conveyed  from  the  spine  to  the  ex- 
its angle  of  tremitics.  It  is  placed  very  obliquely,  forming  an  angle 
inclination:       q£  ^^^^  qqo  ^q  550  ^i^h  the  grouud  ou  which  we  standi 

When  the  pelvis  is  in  this  position,  that  is,  when  a  man  stands 
erect,  the  transverse  plane  of  gravity  of  the  head  and  trunk,  de- 
scending vertically  through  the  chords  of  the  curves  of  the  vertebral 
column  (p.  148),  and  through  the  promontory  of  the  sacrum, 
traverses  the  heads  of  the  thigh-bones,  and  passes  through  the 
lower  extremities  to  the  ankles. 

The  rinff  of  the  pelvis  is  by  no  means  a  true  circle. 

its  shape:  ^  o  i  ^ 

It  is  rather  heart-shaped.  Its  transverse  diameter  ex- 
ceeds the  antero-posterior  in  the  proportion  of  5  to  4;  and  the 
widest  part  is  a  little  above  the  acetabula.  If  an  imaginary  trans- 
verse division  of  the  pelvic  ring  be  made  here,  the  upper  half  is  a 
wide  arch  with  a  flattened  or  slightly  depressed  centre  at  the  pro- 


^  Naegele,  Uehe?-  das  weihlicke  Bechen,  and  Weber,  Gehioerkzeuge.  According  to 
the  former,  the  extremity  of  the  coccyx  is,  in  the  female,  in  the  erect  posture,  situate 
in  a  horizontal  plane  seven  lines  above  the  lower  edge  of  the  symphysis  pubis ;  the 
upper  edge  of  the  symphysis  being  in  the  same  plane  with  the  lower  edge  of  the  second 
bone  of  the  coccyx. 


THE    PELVIS.  439 

montoiy  of  the  sacrum,  and  with  its  crura  resting  upon  the  thigh- 
bones. The  shape  of  the  curve  of  the  lower  division  of  the  ring  is 
different  from  that  of  the  upper  one,  being  most  arched  in  the  middle, 
i.e.  at  the  symphysis  pubis,  and  most  flattened  at  the  sides  in  the 
situation  of  the  linea  ilio-pectine£e. 

It  results  from  this  configuration  of  the  pelvic  ring  that 
pom  s.  -^  |g  weakest  at  five  points ;  viz.  at,  or  a  little  external  to, 
both  sacro-iliac  synchrondroses,  at  the  symphysis  pubis,  and  midway 
between  the  latter  and  the  acetabula.  Hence  fractures,  whether  from 
falls,  blows,'  or  foreign  bodies  passing  over  the  pelvis,  are  most  frequent 
at  these  points,  and  the  bones  most  commonly  yield  in  them  in  cases  of 
rickets  and  moUities. 

The  pelvis  can  be  moved  in  anv  direction  upon  the 

Pelvis,  how  ^  _  _  *'  "-  _ 

balanced  upon  head  of  cithcr  thigh-bonc,  in  consequence  of  the  hip 
being  a  perfect  ball-and-socket  joint.  When,  however, 
both  lower  extremities  are  placed  firmly  upon  the  ground,  the 
pelvis  can  be  moved  in  one  direction  only,  which  is  that  of  rotation 
upon  a  transverse  axis  drawn  through  the  heads  of  both  thigh- 
bones. By  this  movement,  its  angle  of  inclination  is  altered  with 
regard  to  the  ground,  but  not  much  with  regard  to  the  spinal 
column,  which  is  carried  with  the  pelvis,  and  which  communicates 
to  the  trunk  an  inclination,  forwards  or  backwards,  proportionate  to 
the  m^ovement  of  the  pelvis.  The  trunk  is  thus,  in  some  measure, 
firmly  placed  upon  the  extremities;  and,  while  the  latter  are 
steady,  can  be  moved  only  in  one  vertical  plane.  Still,  as  it  is 
balanced  in  this  plane,  in  an  unstable  equilibrium,  upon  the  smooth 
slippery  surfaces  of  the  heads  of  the  thigh-bones,  there  would 
necessarily  have  been  great  insecurity,  if  the  pelvis  had  depended 
for  its  further  fixity  entirely  upon  muscular  tension.  Moreover,  in 
the  propulsion  of  the  pelvis  and  trunk  forwards  by  the  lower  ex- 
tremities, much  power  would  have  been  lost  had  it  been  necessary  to 
prevent  the  backward  inclination  of  the  trunk  solely  by  muscular 
force.  Accordingly  an  additional  provision  is  furnished  in  the 
ligaments  of  the  hip-joint,  which  are  so  disposed  that,  when  the 
body  is  upright,  they  are  quite  tight  and  prevent  any  further 
rolling  of  the  pelvis  and  trunk  backwards  upon  the  thighs.     Hence 
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the  only  direction  in  wliicli  the  pelvis  and  trunk  can  be  moved, 
from  the  erect  posture,  upon  the  extremities,  when  the  latter  are 
kept  fixed,  is  that  of  rotation  forioards,  which  is  one  reason  that 
the  trunk  commonly  falls  forward  when  volition  is  suddenly  with- 
drawn, as  in  fainting,  epilepsy,  &c. 

Processes  pro-  From  the  ring  of  the  pelvis,  which  is  thus  the  es- 

jecting  upwards  gential  or  bascmcnt  portion  of  the  structure,  Processes 

and  downwards  ■*- 

from  the  pelvic  projcct  upwards  and  downwards,  for  the  purpose  of 
affording  leverage  to  the  muscles  which  roll  the  trunk 
upon  the  thighs,  and  of  protecting  the  internal  organs.  The  largest 
of  these  processes  are  the  alee,  of  the  iliac  bones,  which  rise  upwards 
and  outwards,  forming  what  is  called  the  "  false  pelvis,"  support- 
ing the  abdominal  viscera,  and  giving  attachment  to  the  abdominal, 
gluteeal,  and  other  muscles.  Five  processes  run  downwards  and 
form  the  "true  pelvis;"  viz.  the  Sacrum  in  the  middle,  and  the 
Pubic  and  Iscliiatic  hones  on  either  side.  These  five  are  united 
together  below,  the  two  latter  by  bone,  and  the  ischia  and  the 
sacrum  by  the  strong  sacro-sciatic  ligaments.  By  this  means  the 
lower  part  of  the  pelvis  is  strengthened,  and  an  inferior  circle  is 
formed,  which  is  called  the  Inferior  strait,  and  which  is  widest 
beneath  the  pubic  arch.  The  Sacro-sciatic  and  Obturator  foraviina 
are  openings  left  between  these  processes,  for  the  sake  of  lightening 
the  pelvis,  and  of  affording  space  for  the  transmission  of  vessels 
and  nerves  to  the  lower  limbs. 

The  leverage  which  these  processes  afford  is  advan- 

afford  leverage  ■*• 

to  extensor        tagcous  in  proportiou  to  the  distance  at  which  they  are 

ihuscIbs. 

placed  from  the  plane  of  the  axis  of  motion,  that  is, 
from  an  imaginary  plane  carried  upwards  and  downwards  through 
the  heads  of  the  thigh-bones.  When  the  pelvis  is  in  the  erect  posture, 
and  when  the  trunk  is,  consequently,  nearly  balanced  upon  the  lower 
extremities,  the  several  processes  are  all  comparatively  near  to  this 
imaginary  plane,  and  the  leverage  afforded  to  the  muscles  is  slight. 
When,  on  the  other  hand,  the  pelvis  is  inclined  forwards,  and,  the 
balance  of  the  trunk  being  lost,  the  difficulty  of  maintaining  the 
position  is  increased,  then  the  several  processes — the  sacrum,  iscliia- 
tic tubera,  and  anterior  spines  of  the  ilia  at  least — become  gradually 
more  distanced  from  the  axial  plane,  and  the  leverage  presented  by 
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.them  is  proportionately  increased.  By  virtue  of  the  additional 
power  which  is  thus  given  to  the  muscles,  we  are  enabled  to 
maintain  a  stooping  posture  for  some  time  and  with  much  steadi- 
ness, as  well  as  to  exert  great  force  in  extending-  the  trunk  upon 
the  thighs. 

It  has  been  already  stated  that  the  construction  of 
of  leverage  the  ligaments  of  the  hip  is  such  as  to  prevent  the  incli- 
reqim-ed  by  natiou  of  tlic  pclvis  backwards  beyond  the  erect  posture. 
The  flexor  muscles  have,  therefore,  light  work  to  per- 
form in  comparison  with  their  opponents;  for  when  the  body  is  erect, 
the  extensors,  combined  with  the  ligaments  of  the  hip,  are  sufficient 
to  keep  it  so  without  any  assistance  from  the  flexors.  Moreover, 
the  work  of  bending  the  body  downwards  and  forwards,  which  de- 
volves upon  the  flexors,  is  not  nearly  so  arduous  as  that  of  raising- 
it  upwards  and  backwards,  which  devolves  upon  the  extensors. 
The  former  set  of  muscles  are  attached  to  the  processes  in  front  of 
the  axial  plane;  and  it  will  be  observed,  that  these  project  very 
little,  and  afford,  consequently,  but  slight  leverage ;  and  the  most 
prominent  of  them — the  os  pubis — projects  less  and  less  in  propor- 
tion as  the  body  is  more  and  more  bent.  The  processes,  on  the 
other  hand,  which  are  situated  behind  the  axial  plane,  and  give  at- 
tachment to  the  extensor  muscles,  stand  out  more  strongly  so  as  to  af- 
ford a  better  leverage  to  those  muscles ;  and  they,  the  ischiatic  tubera 
more  particularly,  project  further  backwards  in  proportion  as  the 
ti'unk  is  bent  forwards,  so  as  to  afford  to  the  muscles  an  increasing- 
leverage  as  the  office  they  have  to  perform  becomes  more  difficult. 
Difficuifrr  of  This  work  of  causing  the  pelvis  to  revolve  upon  its 

raising  tnmk     axis,  SO  as  to  bring  the  trunk  from  a  stooping  to  an 

from  stooping  _ 

to  erect  pos-  ercct  postm'e,  is  one  of  the  severest  efforts  which  our 
^^'  muscles  are  called  upon  to  make,  both  in  consequence 

of  the  great  weight  to  be  raised,  and  in  consequence  of  the  length 
of  leverage,  measured  by  the  distance  of  the  head  in  front  of  the 
hips,  in  which  that  weight  is  disposed  when  the  body  is  much 
bent.  The  largest,  strongest,  and  coarsest  muscles  in  the  body — 
the  glutffii — are  assigned  to  the  task,  and  they  are  attached  to  the 
back  of  the  sacrum  and  the  hinder  parts  of  the  ilia ;  that  is,  to 
the  parts  of  the  pehds  most  favourable  to  their  action. 
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Width  of  ilia  The  great  width  of  the  iliac  bones,  and  the  outward 

asststrmuscies  ^lant  of  their  alas,  as  well  as  the  width  and  strength  of 
to  fix  pelvis.  ^j-^g  ischiatic  bones,  is  also  for  the  purpose  of  affording 
attachment  to  muscles  and  of  enabling  them  to  fix  the  pelvis  upon 
the  thighs,  and  of  preventing  too  great  inclination  to  either  side 
when  the  weight  is  supported  upon  one  limb,  as  in  walking. 

The    prominent,    thick,    blunt    tuberosities   of   the 

Lower  processes  ... 

adapted  for  iscliia  are  placed  immediately  under  the  acetabula,  in 
such  position  that  when  the  trunk  is  erect  the  transverse 
plane  of  gravity  falls  through  their  fore  part.  We  are  thus  balanced 
upon  them  when  sitting  upright,  or  when  inclined  a  little  back- 
wards. If  we  lean  further  back  the  weight  falls  partly  upon  the 
sacrum ;  and  we  then  rest  upon  the  tripod  formed  by  the  ischiatic 
tubera  and  the  sacrum.  The  latter  bone  is  curved  forward  at  its 
lower  part  to  afford  a  greater  basis  of  support,  and  to  permit  of  our 
sitting  with  comfort,  or  of  our  rolling  to  and  fro  upon  our  seat. 
Had  it  descended  straight,  as  it  does  in  most  of  the  lower  animals, 
it  would  have  projected  to,  or  beyond,  the  level  of  the  ischia,  and, 
by  its  pointed  shape,  would  have  interfered  greatly  with  our  com- 
fort. The  bend  of  the  sacrum  forwards,  moreover,  serves,  in  the 
erect  posture,  to  support  the  viscera. 

This  bend  of  the  sacrum  gives  to  the  interior  of  the 

Curve  of  pelvis.  ^  .... 

cavity  of  the  true  pelvis  a  cu7've,  which  is  peculiar  to 
the  human  subject,  and  which  constitutes  one  of  the  difficulties 
in  parturition ;  for  the  head  of  the  child  has  to  follow  this  curve, 
and  has,  consequently,  a  less  easy  passage  than  if  the  pelvis  had 
been  straight.  An  imaginary  line  following  the  curve,  and  drawn 
through  the  centre  of  the  pelvis,  so  as  to  fall  at  right  angles  upon 
the  upper,  lower,  and  various  intermediate,  antero-posterior  diame- 
ters, is  called  the  axis  of  the  pelvis. 

Size  and  shape  To  meet  the  difficulty  resulting  from  the  curved  form 
of  cavity.  ^f  ^]^g  pelvis  and  from  the  large  size  of  the  foetal  head, 

the  depth  of  the  cavity  is  reduced,  and  the  transverse  diameter  of  the 
pelvis  is  increased,  in  comparison  with  that  of  the  lower  animals,  so 
that  the  apertures  have  a  more  circular  shape  than  in  the  latter. 
These  peculiarities  are  most  marked  in  the  pelvis  of  the  female.  More- 
over, the  shape  of  the  cavity  varies  in  different  parts  of  its  depth. 
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Thus,  at  the  upper  aperture,  or  brim,  the  transverse  diameter,  mea- 
suring about  5.4  inches  in  the  well-formed  female  pelvis,  is  greater 
than  the  antero-posterior  diameter,  which  measares  4.4  inches,  or 
than  the  oblique  diameter,  which  is  4.8  inches.  In  the  middle  of 
the  cavity  the  presence  of  the  obturator  or  sciatic  holes  renders  the 
oblique  diameter,  which  is  here  5.2  inches,  greater  than  any  other: 
the  antero-posterior  diameter  is  here  4.8,  and  the  transverse  4.3 
inches.  At  the  lower  part,  or  inferior  outlet,  the  pubic  arch,  together 
with  the  mobility  of  the  coccyx,  causes  the  antero-posterior  dia- 
meter, drawn  from  the  extremity  of  the  coccyx  to  the  lower  edge 
of  the  symphysis  pubis,  to  be  the  greatest;  it  measures  about 
5  inches,  the  transverse  being  4.3,  and  the  oblique,  from  the 
middle  of  the  sacro-sciatic  ligament  to  the  ramus  of  the  ischium 
and  pubes,  4.8. 

Passa-^eof  "^^^   foetal   head   is  of  oval    shape,   with   the   greatest 

fcetai  head.  diameter  from  before  backwards ;  and,  in  its  passage  through 
the  pelvis,  it  is,  as  a  general  rule,  so  placed,  by  the  mere  pressure  of  the 
surrounding  parts,  that  its  longest  diameter  is,  at  each  stage,  accom- 
modated to  the  gTeatest  diameter  of  the  pelvis.  Accordingly  in  the 
first  stage  of  parturition,  the  head\  as  it  enters  the  pelvis,  is  placed 
transversely,  the  occiput  being  directed  towards  one  ilium,  and  the  face 
towards  the  other;  the  narrowest  end  of  the  oval  which  the  head  pre- 
sents, namely  that  foi'med  by  the  occiput,  takes  the  precedence.  During 
the  second  stage,  as  the  head  descends  through  the  pelvis,  it  undergoes 
a  half-quarter  turn,  so  that  in  the  middle  of  the  cavity  the  occiput  is 
turned  towards  one  obturator  hole,  and  the  face  towards  the  opposite 
sciatic  hole.  The  rotation  continuing  with  the  progress  of  labour,  the  head 
undergoes  a  further  half-quarter  turn ;  so  that  in  the  last  stage,  during  the 
transit  through  the  inferior  outlet  of  the  pelvis  and  along  the  vagina,  the 
occiput  is  directed  forwards  under  the  pubic  arch,  and  the  face  is  turned 
towards  the  sacrum  and  coccyx.  The  twist  or  screw-like  movement, 
which  is  thus  given  to  the  foetal  head  in  its  progress  through  the  pelvis, 
has  the  further  advantage  of  rendering  its  passage  more  easy  than  it 
would  have  been  if  the  same  direction  had  been  preserved  during  the 
whole  process. 


^  For  cause  of  frequency  of  head-presentations,  see  p.  95, 
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The  accoucheiir  will  fall  into  mistakes  who  is  not  aware  of  this 
peculiarity  in  the  sha]oe  of  the  pelvis,  and  of  the  rotation  which  the 
head,  in  consequence,  undei^goes.  Thus,  in  protracted  cases  of  labour, 
where  the  head  rests  at  the  upper  aperture  of  the  pelvis,  it  is  often 
erroneously  supposed  that  the  transverse  position  of  the  cranium  is 
the  cause  of  the  difficulty.  Moreover  when  forceps  are  necessary,  the 
direction  in  which  they  are  passed  should  be  varied  according  to  the 
part  of  the  pelvis  in  which  the  head  may  be  placed. 

It    may   have   been    observed    from   the   measurements 

Lower  outlet 

the  narrowest  given  above  that  the  upper  aperture  of  the  pelvis  is  some- 
pai  o  pe\-is.  y^-j^.^j^  j^i^Q  largest,  and  the  lower  the  smallest  part  of  the 
cavity ;  hence  difficulty  in  labour  is  most  frequent  in  the  latter  situation, 
especially  as  years  advance,  when  the  size  of  this  aperture  becomes 
further  diminished  by  the  stiffness  of  the  sacro-coccygeal  and  coccygeal 
joints,  and  by  the  general  want  of  sujDpleness  of  the  adjacent  tissues. 
The  surgeon  also  should  be  mindful  of  the  general  shape  and  of  the 
curve  of  the  pelvis  in  his  operations  upon  the  viscera  contained  in  it. 
More  particularly  in  passing  instruments  into  the  rectum  he  should 
remember  that  the  bowel  follows  the  curve  of  the  sacrum,  and  that  a 
straight  instrument  is  likely  to  meet  with  obstruction  when  it  comes 
into  contiguity  with  the  promontory  of  that  bone.  The  difficulty  thus 
created  has,  in  many  instances,  caused  a  false  suspicion  of  the  existence 
of  stricture  in  this  part  of  the  bowel. 

The  pelvis  of  the  Female  is  altogether  a  lighter,  more 

Difference  be- 
tween male  and  expanded,  and  less  compact  structure  than  that  of  the  male. 

ema  e  pe  vis.  j^^  processes  are  shorter  and  further  apart,  its  cavity  shal- 
lower and  wider,  and  the  several  diameters  are  somewhat  greater,  particu- 
larly the  transverse  diameter  of  the  brim,  which  measures  5 A  inches,  that 
of  the  male  being  only  5.1.  The  antero-posterior  diameter,  measuring 
4.4  inches,  does  not,  to  so  great  a  degree,  exceed  that  of  the  male,  which 
measures  4.3  inches.  The  obturator  and  sacro- sciatic  foramina,  as  well 
as  the  apertures,  are  larger.  The  symphysis  pubis  is  less  deep,  and  the 
pubic  arch  is  considerably  wider;  the  junction  of  the  rami  of  the  pubes 
at  the  spuphysis  has  been  estimated  to  form  an  angle  of  90°  or  100", 
whereas  in  the  male  it  does  not  exceed  80°  or  90°.  The  sacrum  is  less 
curved,  is  wider,  and  is  directed  more  backwards  from  the  promontory. 
The  width  of  the  forepart  of  the  pelvic  outlet  is  increased;  and  the 
escape  of  the  foetus  is  farther  facilitated,  by  the  slope  from  within  outwards, 
which  is  given  to  the  rami  of  the  ischium  and  pubes  near  their  junction. 
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All  tlie  ligaments  uniting  tlie  several  bones  are  said  to  be  rather  softer 
and  moi'e  pelding.  It  is  scarcely  necessary  to  add  that  these  peculi- 
arities of  the  female  pelvis  have  reference  chiefly  to  the  work  of 
partux'ition. 

Pelvis  before  -^^  bii'tli  the  pelvis   is  proportionately   of  small   size ; 

puberty.  j^jj(j  j-j;g  gjiape  diifers  from  that  of  the  adult  both  male  and 

female,  biit  chiefly  from  that  of  the  latter,  and  ajaproximates  somewhat 
to  the  pelvis  of  the  lower  animals.  Thus  the  antero-posterior  dia- 
meter equals  or  exceeds  the  transverse  (p.  110);  the  cavity  is  deeper, 
the  sacrum  is  less  curved,  and  the  projection  of  its  promontory  forwards 
is  less  marked.  This  latter  peculiarity  is  associated  with  a  straighter 
spine,  and  with  a  greater  amount  of  inclination  of  the  pelvis.  The  pubes 
is  rather  lower,  and  the  hinder  part  of  the  alse  of  the  ilium  is  propor- 
tionately higher  than  in  the  adult.  Hence  the  bladder  is  situated  at  a 
somewhat  higher  point  in  relation  to  the  pubes  in  the  little  child, 
which  should  be  borne  in  mind  in  performing  the  operation  of  litho- 
tomy. As  growth  proceeds,  and  as  the  spine  becomes  more  ciirved,  the 
pelvis  gradually  acquires  more  of  the  adult  shape;  the  promontory  of 
the  sacrum  becomes  more  pronounced ;  the  aim  of  the  ilium  become 
slanted  more  outwai'ds;  and  the  rami  of  the  pubic  and  ischiatic  bones 
become  more  separate,  diminishing  the  relative  depth  of  the  symphysis 
pubis.  But  it  is  not  till  after  puberty  that  the  distinctive  ^peculiarities 
of  the  male  and  female  pelvis,  particularly  the  preponderance  of  the 
transverse  diameter,  are  observed  \  Hence,  at  first,  the  pelvis  bears  a 
similarity  to  that  of  the  lower  animals;  about  puberty  it  accords  in 
both  sexes,  nearly,  with  the  type  of  the  adult  male  pelvis;  and  after 
puberty  the  female  pelvis  acquires  its  characteristic  shape".  In  old 
age  the  pubes  becomes  lower  again  in  consequence  of  the  inclination 
of  the  trtink  forwards;  and  the  enlargement  of  the  prostate  often  causes 
the  bladder  to  ascend  higher  above  the  symphysis. 

Monkev's  ^^^  Quadrumana  the  pelvis  is  longer,  and  is  lAaced  more 

peh-is.  i]2  a  line  with  the  spine.     The  upper  apei'ture  is  narrow, 


1  Indeed  it  would  seem  that  sometimes  the  antero-posterior  diameter  increases  in  a 
greater  ratio  than  the  transverse,  up  to  puberty.  The  measurements  given  at  p.  no 
do  not,  however,  prove  this  to  be  the  rule. 

-  It  appears  that,  occasionally,  in  consequence  of  arrest  of  development,  the  pelvis 
retains  the  triangular  infantile  shape,  with  prolonged  antero-posterior  diameter. 
Specimens  to  illustrate  this  fact  are  preserved  in  the  Musde  Dupuytren. 
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and  elongated  from  behind  forwards,  so  that  the  autero-posterior  dia- 
meter measures  more  than  the  transverse  (p.  106);  and  the  upper  edge 
of  the  pubes  is  on  a  line  with,  or  is  lower  than,  the  bottom  of  the  coccyx. 
The  sacrum  is  nearly  straight;  and  its  promontory  is  less  marked,  in 
accordance  with  the  straighter  shape  of  the  spine  and  the  smaller  size 
of  the  lumbar  vertebrae.  The  pubic  bones  are  broad  and  deep.  The 
iliac  bones  are  long  and  straight,  but  narrow  in  proportion  to  their 
length;  they  are  directed  transversely  outward  from  the  sacro-iliac  sym- 
physis, so  as  to  be  almost  in  the  same  plane  with  the  sacrum;  their 
inner  and  anterior  surfaces  are  nearly  flat,  and  their  posterior  surfaces 
are  concave  for  the  attachment  of  the  glutseal  muscles.  The  ischiatic 
tubera  are  slanted  from  before  backwards  and  outwards,  in  a  more 
marked  manner  than  in  the  human  pelvis. 

The  pelvis  of  the  Negro  is  smaller  in  all  its  dimensions  than 

Negro's  pelvis. 

that  of  the  European,  and  presents  a  slight  general  appi"oxi- 
mation  to  that  of  the  monkey;  more  particularly  in  the  deficiency  of 
its  width  (p.  106).  There  is  a  greater  difference  in  this  respect  between 
the  male  and  female  in  the  Negro  than  in  the  European  sexes,  so  much 
so  that,  as  remarked  by  Hildebrandt,  it  is  often  difficult  to  believe  that 
the  specimens  belong  to  members  of  the  same  race.  In  some  of  the 
male  Negroes  the  small  size  of  the  pelvis,  and  particularly  the  shortness 
of  the  transverse  diameter,  is  very  remarkable.  In  many  of  the  females 
it  is  as  large  as  in  the  Eiiropean  female;  the  average  size,  however,  is 
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(Measurements  in  inches.) 

Fig.  I.     Pelvis  at  birth  (European).     Trans,  diam.  1.3  ;  ant.  post.  diam.  1.3. 

Fig.  2.  Pelvis  (with  5th  lumbar  vertebra)  of  European  female,  set.  11.  Trans, 
diam.  -2.8  ;  ant.  post.  diam.  3. 

Fig.  3.     Pelvis  of  European  male  adult.     Trans,  diam.  5.1  ;  ant.  post.  diam.  4.4. 

Fig.  4.  Pelvis  (with  5th  lumbar  vert.)  of  Negro  female  adult.  Trans,  diam.  5.4  ; 
ant.  post.  diam.  4.3. 

Fig.  5.  Pelvis  (with  5th  lumbar  vert.)  of  Negro  male  adult.  Trans,  diam.  4  ; 
ant.  post.  diam.  3.8. 

Fig.  6.  Pelvis  (with  5th  lumbar  vert.)  of  European  female  adult.  Trans,  diam. 
5.7  ;  ant.  post.  diam.  4.5. 

Fig.  7.  Pelvis  (with  two  lumbar  vert.)  of  large  monkey.  Trans,  diam.  2.7  ;  ant. 
post.  diam.  3. 
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somewhat  less,  in  accordance  with  the  slight  inferioritj^  of  the  dimen- 
sions of  the  foetal  head  in  the  Negro.  Parturition  is  also  facilitated  by 
the  sacrum  being  somewhat  less  curved  in  the  Negro  than  in  the 
European. 

A^arietiesin  ^^  ^^®  European  the  differences  in  size  between  differ- 

^^^-  ent  members  of  the  same  sex,  as  well  as  between  the  two 

sexes,  seem  to  be  less  than  in  the  Negro.  The  size  is  not  much  in- 
fluenced by  stature.  Short  persons  are  comparatively  broad  across 
the  pelvis,  and  short  women  bear  children  as  well  as,  if  not  better  than, 
tall  ones.  Examples  occasionally  occur  in  which  all  the  diameters  of 
the  pelvis  are  small,  constituting  what  is  called  the  equally  contracted 
pelvis.  The  deficiency  ''  may  not  be  more  than  a  quarter  of  an  inch  in 
every  direction,  or  it  may  be  as  much  as  a  whole  inch.  We  do  not 
know  of  any  case  where  it  has  exceeded  this  last  degree."  The  "  equally 
contracted  pelvis  has  been  said  to  resemble  the  pelvis  of  a  girl  in  its 
general  appearance ;  but  this  only  holds  good  in  point  of  size ;  for  in 
the  relative  proportions  of  its  diameters,  it  presents  all  the  characters 
of  a  well  formed  pelvis.  It  is  not  accompanied  with  a  corresponding 
diminutiveness  of  the  rest  of  the  skeleton,  most  of  the  patients  in  whom 
it  has  been  observed  being  well  formed  and  of  the  usual  stature.  For- 
tunately it  is  of  rare  occurrence,  for  even  a  very  small  diminution  in 
the  size  of  the  bony  passages,  which  is  uniform  in  every  direction,  pre- 
sents a  most  serious  obstacle  to  the  passage  of  the  child  \" 
Deformity  from  ■'-^  some  cases  of  Rickets,  where  the  lower  extremities  are 
rickets.  affected,  I  have  observed  the  pelvis  to  be  small,  and  to  have 

retained  the  infantile  type,  more  or  less,  both  in  the  proportion  of  its 
antero-posterior  diameter  and  in  its  general  shape,  affording  another 
example  of  the  defective  development  and  growth  which  is  often  asso- 
ciated with  the  disease.  Far  more  commonly,  however,  the  i^elvis  is 
modified,  not  so  much  in  size  as  in  shape,  in  consequence  of  the  bones 
bending  under  the  superincumbent  weight.  The  change  of  shape  usually 
takes  place  in  one  of  two  ways.  Either  the  antero-posterior  diameter  is 
reduced,  and  the  whole  front  of  the  pelvis  is  flattened,  the  symphysis 
pubis,  as  well  as  the  acetabula,  being  pressed  backwards  towards  the 
sacrum ;  and  in.  these  cases  the  sacrum  is  straighter  than  usual,  being  flat- 
tened out  in  both  the  transverse  and  longitudinal  directions,  the  ischiatic 
tubera  diverge  from  one  another,  being  slanted  outwards  and  backwards 


Eigby'a  System  of  Midv:ifery,  in  the  Library  of  Medicine,  p.  1S4. 
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in  a  preternatural  degree,  like  a  monkey's,  and  the  pubic  arch,  is 
■widened;  or,  instead  of  the  whole  front  of  the  pelvis  being  approxi- 
mated to  the  sacrum,  the  acetabula  only  are  pressed  inwards  and  back- 
wards towards  the  promontory  of  the  sacrum,  which  also  advances  to 
meet  them,  so  that  the  upper  strait  of  the  pelvis  is  reduced  to  a  tri- 
radiate  form.  In  the  latter  case  the  sacrum  is  preternaturally  curved, 
both  transversely  and  longitudinally,  and  the  ischiatic  tvibera,  though  in 
the  earlier  stages  they  may  be  rather  ecarte,  become  subsequently  pressed 
towards  one  another,  and  the  pubic  arch  is  widened.  I  do  not  know  to 
what  especial  causes  the  occurrence  of  one  of  these  shapes,  in  preference 
to  the  other,  in  particular  cases  of  rickets  is  to  be  assigned;  both  varie- 
ties take  place  in  that  disease,  and  with  nearly  equal  frequency;  per- 
haps the  former  rather  more  often  than  the  latter.  In  Mollities  osshtm 
the  abnormal  shape  is  induced  after  the  time  when  the  pelvis  has  at- 
■  tained  its  full  growth,  and  the  triradiate  form  is  the  more  usual ;  indeed 
I  have  not  met  with  a  well-marked  instance  in  which  the  front  of  the 
pelvis  was  flattened  in  consequence  of  mollities ;  and  most  of  the  severe 
examples  of  the  triradiate  pelvis  are  due  to  that  diseased 

Other  deformities  occasionally  take  place  in  the  pelvis. 

Deformity  from  _,.  ,  ,  n     i  •  i  ■         r/^  ^ 

curvature  of  Thus  lateral  curvature  oi  the  spine,  when  it  anects  the 
spme.  lumbar  portion  of  the  column,  may  be  continued  into  the 

sacrum,  which  becomes  curved,  and  its  component  vertebrae  become 
rotated  in  an  opposite  direction  to  the  lumbar  vertebrse.  Thus  if  the 
lumbar  curve  be,  as  it  often  is,  to  the  left,  the  sacrum  will  be  curved  to 
the  right,  its  upper  margin  will  be  higher  on  the  right  side  than  on  the 
left,  and  the  rotation  of  its  comjoonent  bones  will  be  from  left  to  right, 
corresponding,  like  its  curve,  with  that  which  takes  place  in  the  back. 
Under  such  circumstances  it  is  not  uncommon  to  find  the  alee  of  one  side 
of  the  sacrum,  the  concave  side,  or  the  one  which  is  rotated  forwards, 
narrowed  as  much  as  a  third  or  a  half  of  its  width;  and  this  causes  a 
proportionate  diminution  of  the  circle  of  the  pelvis  on  that  side,  and 
gives  it  a  peculiar  oblique  appearance  as  if  it  were  awry.  The  change  is 
accompanied  by  a  tilting  of  the  pelvis  from  its  proper  level,  the  iliac 
crest  being  highest  on  the  side  opposite  to  that  on  which  the  shortening 


1  I  think  the  term  triradiate  better  than  triangular  for  this  deformity,  inasmuch 
as  it  more  correctly  indicates  the  shape  assumed,  and  because  the  latter  term  may  be 
i;sed  to  desigiiate  the  pelvis  with  preternatural  elongation  of  the  antero-posterior 
diameter,  in  ^Yhich  the  shape  of  the  brim  is  more  or  less  triangular. 
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takes  place;  and  there  is  commonly  ankylosis  of  the  joint  between 
the  narrowed  ala  of  the  sacrxim  and  the  adjacent  iliac  bone.  It 
seems  not  improbable  that  this  continuation  of  a  spinal  cui'vature  into 
the  sacrum,  and  the  changes  resulting  from  it,  are,  in  some  instances 
at  least,  the  cause  of  that  deformity  of  the  pehds  which  has  been 
described  by  Kaegele,  as  a  special  malformation,  under  the  name  of 
pelvis  oblique  ovata^,  and  which  is  regarded  by  him  as  a  congenital 
defect.  In  all  the  examples  represented  in  his  treatise,  as  well  as  in 
those  described  by  Rokitansky,  and  in  others  which  I  have  seen,  the 
sacrum  and  lumbar  portion  of  the  spine  are  curved  in  a  manner  corre- 
sponding with  what  takes  place  in  lateral  curvature  of  the  spine.  Still 
it  may  sometimes  be  difficult  to  decide  whether  the  curvature  in  the 
spine,  or  the  defect  in  the  pelvis,  was  the  starting-point  of  the  deformity. 

The  observations  of  all  subsequent  pathologists  confirm  the  remark 
made  by  Meckel  and  others,  that,  in  cases  of  curvature  of  the  spine,  the 
pelvis  does  not  generally  suffer,  either  in  size  or  shape,  unless  there  is 
some  morbid  condition  of  the  rest  of  the  skeleton.  Whatever,  there- 
fore, may  be  the  amount  of  deformity  of  the  spine,  we  have  little  to 
fear  respecting  the  condition  of  the  pelvis,  provided  the  lower  extremi- 
ties are  straight. 

Now  and  then,  when  a  patient  has  long  been  confined  in  one  position, 
the  sacrum  becomes  twisted  on  its  vertical  axis.  One  of  its  sides  is 
advanced  forwards,  carrying  with  it  the  corresponding  os  innominatum, 
and  causing  it  to  project  at  the  symphysis  pubis.  A  specimen  of  this 
kind,  in  which  a  horizontal  obliquity  of  the  whole  pelvis  has  been  in- 
duced, is  in  the  Museum  of  the  College  of  Surgeons". 


THE  SEPARATE  BONES  OF  THE  PELVIS. 

Sacnimand  Th.Q  Sacriim  and  Coccyx  are  composed  of  ten  ver- 

coccyx.  tebrffi,  which  decrease  in  size,  and  in  the  number  and 

distinctness  of  their  processes,  from  above  downwards.  The  ver- 
tebra which  forms  the  upper  bone  of  the  sacrum  is  as  large  as  a 
lumbar  vertebra,  and  has  a  well-shaped  vertebral  canal  enclosed  by 


1  Das  schrdg  verengte  Becken. 

2  For  further  information  on  deformities  of  the  pelvis,  see  Rokitansky 's  Patholo- 
logical  Anatomy. 
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an  arcli,  Avith  distinct  spinous,  transverse,  and  articulating  processes. 
From  this  bone  there  is  a  gradual  transition  to  the  lowermost  bone 
of  the  coccyx,  which  is  commonly  a  mere  sphere  no  larger  than 
a  pea. 

The  upper  five  of  the  ten  vertebrae  are  joined  together  so  as  to 
form  one  solid  bone,  the  sacrum.  By  this  means  additional  strength 
is  given  to  the  pelvic  arch,  into  which  the  upper  three  bones  of  the 
sacrum  enter ;  and  the  consolidation  of  the  two  lower  bones  of  the 
sacrum  serves  to  support  the  pelvic  viscera,  assists  in  bearing  the 


DESCRIPTION  OF  PLATE  XXXVI 

Eig.  I.  Sacrum  at  birth  (back  view).  A,  A,  cartilaginous  tips  of  neural  laminae 
of  1st  sacral  vertebra,  united  to  one  another  by  a  fibrous  band  {B),  which  occupies  the 
place  of  the  future  spinous  process.  The  laminaj  of  the  2nd  vertebra  have  gi-own 
nearer  to  one  another  and  are  separated  only  by  a  piece  of  cartilage  (C).  D,  piece  of 
cartilage  uniting  laminfe  of  3rd  vertebra.  E,  fibrous  band  uniting  those  of  4th.  F, 
lamina  of  5th  vertebra.  G,  ditto  of  ist  bone  of  coccyx.  H,  osseous  nucleus  of  body 
of  1st  bone  of  coccyx.  /,  I,  nuclei  of  lateral  portions  of  2nd  bone  of  coccyx  ;  nucleus 
in  the  body  of  that  bone  not  yet  appeared.     K,  cartilaginous  ala  of  sacrum. 

Fig.  1.  Back  view  of  sacrum  and  last  lumbar  vertebra  from  a  young  subject. 
A,  piece  of  cartilage  in  the  situation  of  the  spine  of  the  last  lumbar  vertebra.  B,  B, 
neural  lamiuce  of  ist  sacral  vertebra  separated  "by  a  considerable  interval.  D,  D,  ditto  of 
2nd  sacral  vertebra,  deeper  than  those  of  the  ist,  approximated  nearer  to  one  another 
and  united  by  a  piece  of  cartilage.  E,  E,  ditto  of  3rd  vertebra,  almost  as  close  as 
those  of  2ud.  F,  F,  ditto  of  4th  vertebra,  far  apart.  G,  G,  ditto  of  5th  vei-tebra. 
H,  ditto  of  1st  bone  of  coccyx.  /,  osseous  nucleus  in  ist  bone  of  coccyx.  K,  K,  K,  K, 
cartilaginous  centi'al  pieces  of  4  lower  bones  of  coccyx ;  osseous  nucleus  not  developed 
in  any  of  them. 

Fig.  3.  Front  view  of  sacrum  from  yoimg  subject,  Eet.  about  15.  The  bodies  of 
the  component  vertebrte  are  separate.  The  sides  are  united  in  an  in-egular  manner ; 
the  upper  three  only  slightly ;  the  3rd  and  4th  are  quite  united  on  the  left  side,  but 
separate  on  the  right  side ;  the  4th  and  5th  are  quite  united  on  the  right  side,  but 
separate  on  the  left. 

Fig.  4.  Back  view  of  the  same.  The  arches  of  the  upper  4  are  united ;  those  of 
the  4th  and  5th  are  separate.  The  lateral  portions  of  the  4th  and  5th  are  united;  but 
those  of  the  upper  4  are  separate. 

Fig.  5.  Os  innominatum,  set.  about  10  (much  reduced).  The  rami  of  the  pubes 
{A)  and  ischium  {B)  are  united ;  but  the  pubes,  ischium,  and  ilium  are  all  separate  at  the 
acetabulum,  and  there  is  a  separate  piece  of  bone  (C)  between  them. 

Fig.  6.  Os  innominatum  at  birth,  viewed  from  inner  side.  A,  the  ossified  portion 
of  pubis.  B,  ditto  of  ischium.  G,  cartilage  forming  the  acetabulum.  D,  the  cartilage 
forming  the  rami  and  fore  part  of  the  pubes  and  ischium.  E,  ossified  portion  of 
ilium.     F,  foramina  for  vessels.     G,  cartilage  forming  margin  of  ala  of  ilium. 
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body  in  tlie  sitting  postm-e,  and  increases  the  firm  basis  of  attacli- 
ment  for  the  mnscles  which  move  the  trunk  upon  the  thighs  and 
which  hokl  the  trunk  steady  in  the  erect  pcstm-e. 

In  most  other  Mammals,  and  in  Reptiles,  only  two  vertebrse  are 
united  with  the  ossa  innominata  to  complete  the  pelvic  arch.  The 
number,  besides  these  two,  which  ai-e  joined  together  to  form  the 
sacrum  varies  a  good  deal.  In  the  Crocodile  the  sacrum  is  very 
short,  being  composed  solely  of  the  two  vertebrae  which  are  articu- 
lated with  the  iliac  bones;  and  these  two  are  only  partially  united  to- 
gether, Mr  Garble'  observes  that  the  "os  ilium,  in  the  foetal  state,  and 
for  some  years  after  birth,  in  the  human  subject,  is  connected  to  only 
Uvo  of  the  sacral  ribs;  at  a  more  advanced  period  of  life  it  is  con- 
nected by  a  cartilaginous  intermedium  to  the  extremities  of  three  sacral 
ribs."     In  the  skeleton  of  a  Negro  he  observed  it  conjoined  to  four^ 

The  compo-  The  Bodies  of  the  several  sacral  vertebree  remain,  to 

^acraiv  «fe  ^  considerable  extent,  distinct  from  one  another,  being 
bodies.  miitcd  bj  bone  only  at  their  edges ;    and  the  greater 

part  of  the  interval  between  them  is  filled  by  soft  inter-verte- 
bral substance.  The  union  takes  place  earlier,  and  to  a  greater 
extent,  between  the  lower  bones  than  between  the  upper.  The 
body  of  the  first  bone  presents  very  much  the  shape  and  characters 
of  those  of  the  lumbar  vertebree ;  like  that  of  the  fifth  lumbar 
vertebra,  it  is  wide,  and  deeper  in  front  than  behind.  Lower  down 
the  several  bodies  become  more  and  more  elongated  from  above 
downwards,  and  flattened  from  before  backwards ;  they  are  deeper 
behind  than  in  front,  in  accommodation  to  the  curve  of  the  sacrum ; 
and  each  one  is  a  little  concave  upon  its  anterior  and  convex  upon 
its  posterior  aspect. 

The  arches  and  '^^^^  sacral  Avclies  are  rather  thin  and  spread  out,  so 
spines.  that  the  edges  of  each,  with  the  exception  of  the  first, 


1  Rejport  of  British  Association  ior  1837. 

^  "In  the  adult  chimpanzee  the  two  superior  sacral  vertebrae  only  are  united  to 
the  iliac  bones,  and,  hence,  the  trunk  is  less  firmly  connected  with  the  pelvic  arch,  and 
is  more  in  need  of  additional  support  from  the  anterior  extremities  than  in  man." 
Owen,  Zoological  Trans,  i.  357. 
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are  in  contact  with  those  above  and  below,  and  become  united  with 
them  at  an  early  period,  forming  a  continuous  plate  of  bone,  which 
covers  the  vertebral  canal,  and  contributes  much  to  the  strength  of 
the  sacrum.  The  arch  of  the  upper  sacral  vertebra  slopes  obliquely 
downwards  from  its  body,  so  as  to  leave  an  interval  between  it 
and  the  arch  of  the  last  lumbar  vertebra.  This  interval,  which 
is  sometimes  of  considerable  size,  is  required  for  the  purpose  of 
permitting  the  movement  of  the  last  lumbar  vertebra  upon  the 
sacrum,  in  consequence  of  the  space  being  limited  by  the  retiring 
angle  which  is  formed  at  this  part  of  the  spine. 

Varieties  in  the  '^^^  uj)per  sacral  arch  is  formed  later  than  the  others,  and 
arches  and  spines,  yaries  a  good  deal  in  thickness.  Frequently  it  is  more  or 
less  imperfectly  formed;  and  this  part  of  the  vertebral  canal  is  conse- 
quently, more  often  than  any  other,  the  seat  of  spina  bifida.  In  one  sacrum 
now  lying  before  me,  the  arch  of  this  vertebra  is  incomplete,  the  laminae 
not  having  extended  above  half  way,  from  either  side,  towards  the  middle 
line  ;  so  that  there  is  no  spinous  process,  and  the  vertebral  canal  is  wide 
open  from  the  last  lumbar  to  the  2nd  sacral  arch.  In  others,  the  laminae 
have  met,  and  each  one  is  prolonged  into  a  spinous  process  curling 
downwards;  but,  though  the  two  spinous  processes,  thus  formed,  run 
side  by  side  and  are  in  close  contact,  they  are  not  united,  a  fissure 
remaining  between  them.  In  others,  the  laminae  have  grown  together, 
and  a  single  spinous  process  has  been  formed,  which  varies  much  in  size, 
being  thin  and  stumpy,  or  thick  and  standing  out  free  like  one  of  the 
lumbar  spines.  In  some,  the  1st  spinous  process  and  arch  are  united 
with  those  of  the  2nd;  in  others,  they  are  free,  a  more  or  less  consider- 
able interval  existing  between  them.  The  laminae  of  the  four  lower 
sacral  vertebrse  are  more  or  less  united  together  in  all  specimens  that  I 
have  seen ;  and  those  of  the  2nd  and  3rd,  in  every  instance,  and  those 
of  the  3rd  and  4th,  in  most  instances,  are  joined  in  the  middle  line,  so  as 
to  complete  the  osseous  covering  of  the  vertebral  canal.  It  appears, 
however,  from  the  observations  of  others,  that  the  canal  is  sometimes 
open  to  a  greater  extent  than  this,  in  consequence  of  the  vertebral 
arches  not  having  grown  together.  The  spinous  process  of  the  2nd  bone 
is  short,  and  shoots  upwards  so  as  nearly  to  meet  that  of  the  1st  vertebra. 
This  direction  of  this  process,  and  its  shortness,  prevent  its  being  in  the 
way  when  we  sit  down  or  lie  on  the  back.     The  spine  of  the  3rd  verte- 
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bra  is  shorter  still;  often  it  does  not  stand  out  as  a  process  at  all. 
That  of  the  4th  is  commonly  absent;  and  the  centre  part  of  the  arch 
of  tliis  vertebra  forms  a  depression,  rather  than  a  prominence,  between 
the  representatives  of  the  articulating  processes  which  stand  out  as 
tubercles  on  either  side.  In  some  instances  the  spinous  process  is  pre- 
sent, being  single  or  bifid ;  and  in  some  it  is  blended  with  that  of  the 
3rd  A'ertebra.  Occasionally  all  the  spinous  processes  are  wanting,  and 
the  united  laminse  form  an  even  plate  of  bone  extending  over  the  whole 
of  the  sacral  part  of  the  vertebral  canal.  The  arch  of  the  5th  vertebra 
has  been  incomplete  in  all  the  instances  that  I  have  seen,  leaving  the 
terminal  portion  of  the  vertebral  canal  quite  open;  indeed  the  lamina 
that  should  form  the  arch  can  scarcely  be  said  to  exist. 

Articuiatiu  "^^^^  uppcr  Articulatmg  processes  of  the  first  bone  are 

processes.  large,  and  shaped  like  those  of  the  lumbar  portion  of 
the  spine.  They  are  separated  by  a  considerable  interval  to  receive 
the  lower  articulating  processes  of  the  last  lumbar  vertebra,  which 
are  further  apart  than  those  of  the  other  vertebra3  (p.  174).  All 
the  other  articulating  processes  of  the  sacrum  are  usually  blended 
together,  and  are  merely  recognisable  as  a  row  of  tubercles  situated 
on  the  inner  side  of  the  posterior  intervertebral  foramina.  The 
lowermost  project  downwards  to  meet  the  corresponding  processes 
of  the  coccyx,  and  often  become  united  with  them. 
Transverse  ^}iQ  representatives   of  the  hinder^   transverse  pro- 

processes.  cesses  form  a  series  of  well-marked  tubercles,  situated 
on  the  outer  side  of  the  posterior  vertebral  foramina.  That  of  the 
first  bone  is  large,  and  resembles,  in  direction  and  shape,  the 
corresponding  process  of  the  last  lumbar  vertebra. 

The  Alee,  or  lateral  parts  of  the  sacrum,  seem  to  be 

The  ate.  n  i     ^  n      i 

formed  by  a  re-appearance  oi  the  anterior  transverse 
and  pleural  processes  (PI.  IV.  fig.  5,  H),  which  are  spread  out 
and  united  together  and  with  the  hinder  transverse  processes,  so 
as  to  form  a  broad,  firm  mass,  strengthening  the  sacrum  and  sup- 
porting the  iliac  bones^ 


^  See  Ajypendix  on  the  Morphology  of  the  Skeleton. 

2  Mr  Carlile,  loc.  cit.  shows  that  some  of  the  Saurian  reptiles  afford  good  examples 
of  distinct  and  ■\\-ell-developed  sacral  ribs,  two  in  number  on  each  side ;  the  anterior  are 
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Intervertebral  ^^^^  Intervertebral  fo7'amma,  being  arched  over  by 

foramina.  ^|^g  union  of  thcsc  aiiterior  and  posterior  transverse  and 
pleiu-al  processes  of  the  several  vertebras,  are  divided  into  an  ante- 
rior and  posterior  set,  which  transmit  the  nerves  in  the  correspond- 
ing directions.  They  are  all  very  large,  especially  the  anterior  and 
upper  ones.  Each  is  enclosed,  in  two-thirds  of  its  circumference,  by 
the  body  and  processes  of  the  vertebra  above,  and,  in  one-third,  by 
those  of  the  vertebra  below.     (See  PL  XXXVI.  fig.  3.) 

The    Curve  of  the  sacrmia,  which   determines   the 

The  ciu'vature.  .  i     •        t  ^ 

curve  01  tiie  pelvis,  varies  very  much  m  dmerent  per- 
sons. As  a  general  rule  it  is  sharper  in  men  than  in  women, 
though  there  are  many  exceptions  to  this;  it  being  not  unfrequently 
as  straight,  or  straighter,  in  men  than  in  women.  It  is  not  uniform, 
being  generally  sharpest  at  the  middle  of  the  bone,  that  is,  at  the 
third  vertebra  (PI.  X.  fig.  1),  where,  in  some  instances,  it  almost 
forms  an  angled 

As   a  rule  the   iipper  edge   of  the    1st  sacral  vertebra 

The  upper  bone  ■'-■'■  ° 

of sacnun some-  forms  the  "promontory."     In  a  few  instances,  however,  the 

times  forms  part  ■       n  i  i  i  t  n     i        <r>     ^ 

of  lumbar  promontory  is  lormeci  by  the  upper  edge  oi  the  2na  verte- 

curve.  hra,;  and  the  1st  vertebra  is  sloped  backwards,  so  as  to  be 

the  commencement  of  the  himbar  curve.  Where  this  peculiarity  exists, 
the  1st  sacral  vertebra  resembles  those  of  the  loins  in  several  particulars. 
For  instance,  the  spinous  process  and  arch  are  more  free  and  separate 
from  those  of  the  2nd  vertebra  than  visual;  the  inferior  articulating 
processes,  as  well  as  the  superior,  are  free ;  the  anterior  surface  of  the 
body  is  rounded  off  at  the  sides,  instead  of  being  squared ;  the  posterior 


articulated  to  the  bodies  of  the  last  lumbar  and  the  first  sacral  vertebrae  and  to  their 
intervertebral  substance ;  the  posterior  to  the  last  sacral  and  the  first  caudal  vei-tebraa. 
In  the  human  subject  he  finds  4  sacral  ribs  on  each  side ;  they  remain  in  a  separate 
and  distinguishable  state  until  the  age  of  from  3  to  7  years. 

^  Mr  Quain  found  that  in  one  series  of  skeletons  the  anterior  surface  was  com- 
paratively straight,  and  the  slight  bend  which  existed  was  near  the  upper  end  ;  in 
another  the  bone  was  much  curved  in  its  whole  length,  but  especially  about  the  middle ; 
a  third  set  were  intermediate,  the  degree  of  curve  being  moderate  and  affecting  chiefly 
the  lower  end.  The  measurement  of  a  considerable  number  of  these  bones,  taken  from 
both  sexes,  has  shown  him  that  the  curvature  cannot  be  relied  on  as  a  distinctive 
character.  Some  of  the  variations  of  the  curve,  in  company  with  distortion  of  the 
pelvis  in  rickets  and  molHties,  have  already  been  mentioned  (p.  447). 
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transverse  process  is  more  distinct ;  its  contribution  to  the  ala  is  small, 
and  it,  as  well  as  tlie  body,  are  united  late  to  tbe  rest  of  the  bone.  So 
that,  unless  the  regular  number  of  the  components  of  the  rest  of  the 
column  be  present,  it  may  be  difficult  to  decide,  in  such  an  instance, 
whether  the  vertebra  in  question  really  belongs  to  the  loins  or  to  the 
sacrum. 

Sacrum  iu  the  ^^  ^^^^  female  the  sacrum  is  broader  in  proportion  to 

female.  ^j-^g  ^,q^^  q£-  ^]^q  pelvis  than  in  the  male,  and  its  cm've,  as 

just  stated,  is  less  sharp.  It  is  also  said  to  incline  more  backwards 
from  the  direction  of  the  lumbar  vertebrse,  thus  forming  a  more 
prominent  "  sacro-vertebral  angle." 

Each  bone  of  the  sacrum  is,  as  in  the  case  of  the 

Development.  i  •    /> 

other  vertebra,  developed  from  three  chief  centres ;  but 
the  nuclei  for  the  bodies  appear  before  those  for  the  arches.  Thus 
the  nuclei  for  the  upper  four  bodies  appear,  according  to  Beclard 
and  others,  in  the  first  four  months  of  foetal  life,  and  the  nucleus  for 
the  body  of  the  5tli  vertebra  appears  at  about  five  months  and  a 
half;  the  nuclei  for  the  several  arches  appear  from  two  to  three 
months  later  than  those  for  their  respective  bodies.  Besides  these 
three  primary  centres,  others  are  formed  at  later  periods,  respecting 
which  there  is  some  uncertainty.  One  is  admitted  to  appear,  on 
either  side  of  each  of  the  upper  three  vertebrte,  in  the  part  which 
is  articulated  with  the  ilium;  and  it  is  probable  that  similar  nuclei 
may  be  superadded  to  the  two  lower  bones.  In  a  specimen  before 
me  there  is  clearly  a  separate  centre  in  the  laminas  forming  the 
upper  and  lower  edges  of  each  of  the  several  bodies.  Thus  there 
are  three  nuclei  in  each  of  the  component  bodies  of  the  sacrum,  and 
one  or  two  in  each  side  of  the  several  arches,  making  in  all  from 
thirty-one  to  thirty-five  centres.  Besides  these,  independent  nuclei 
may,  in  some  instances,  be  developed  in  the  spinous  processes;  and 
thin  separate  osseous  laminae  are  sometimes  seen  on  the  articular 
facets  for  the  ilium.  The  lateral  portions  become  united  with  the 
bodies  at  an  early  period  (about  2^  years  according  to  Beclard)  in 
the  lower  vertebree,  and  at  about  the  5th  year  in  the  upper  ones. 
After  the  respective  segments  of  the  several  vertebrse  have  united, 
so  as  to  form  five  bones,  these  five  become  joined  by  the  fusion  of 
their  articulating  processes  and  arches,  which  begins  usually  at  the 


456  THE   PELVIS. 

lower  part  of  tlie  sacrum  and  travels  upwards.  The  bodies  long 
remain  separated  hy  fibro-cartilages  resembling  tlie  intervertebral 
substances  in  other  parts  of  the  spinal  column.  These,  at  some 
time  after  puberty,  become  sm-rounded  and  bridged  over  by  bone 
which  grows  from  the  contiguous  edges  of  the  bodies.  Not  till  25 
or  30  are  the  bodies  of  the  1st  and  2nd  vertebras  thus  joined;  and, 
in  some  instances,  they  remain  separate  for  life.  In  the  lower 
parts  of  the  sacrum  only  is  the  intervertebral  space  entirely  ossified; 
some  of  the  fibro-cartilage  remains  permanent  between  the  upper 
three  or  four  bones,  leaving  interspaces  in  the  section  of  the  mace- 
rated and  dried  bone. 

Varieties  and  ^^^^  sacruixL  has  been  found  occasionally  to  consist  of  6, 

diseases.  qj.  of  only  4  bones.     It  is  subject  also,  as  we  have  seen,  to 

many  varieties  in  its  shape  and  in  the  degree  of  development  of  its 
component  parts,  and  is  often  the  seat  of  spina  bifida.  It  is  not,  how- 
ever, so  liable  to  disease  as  might  have  been  anticijjated  from  the  com- 
plexity of  its  structure,  and  from  the  number  of  its  points  of  develop- 
ment. 


THE   COCCYX 

consists  normally  of  five  bones,  of  which  the  upper  is  often  anky- 
losed  to  the  sacrum,  making  it  appear  as  if  that  bone  were  composed 
of  six  vertebrse  instead  of  five.  The  uppermost  of  the  coccygeal 
segments  resembles  the  lowermost  of  those  of  the  sacrum,  except 
that  it  is  smaller,  that  its  lateral  portions  are  less  developed,  and 
that  the  rudiments  of  its  arches  are  mere  cylindrical  processes,  or 
Cornua,  which  are  slightly  tuberculated  at  their  extremities  and 
are  directed,  upwards,  from  the  upper  and  posterior  part  of  the 
bone,  to  meet  the  corresponding  processes  of  the  sacrum,  which 
are  directed  downwards.  This  difference  in  the  direction  of  its 
cornua  affords  a  ready  means  of  distinguishing  the  first  bone  of  the 
coccyx  from  the  last  of  the  sacrum.  The  cornua  of  the  sacrum  and 
coccyx,  approaching  near  to  one  another,  are  united  by  fibrous 
tissue,  so  as  to  complete  the  arch  over  the  intervertebral  foramen, 
Avhich  transmits  the  last  sacral  nerve. 
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The  2nd  bone  of  the  coccyx  has  short  wing-like  projections,  the 
representatives  of  the  alas  of  the  sacral  bones,  and  tubercles  on 
its  posterior  aspect,  the  representatives  of  the  arches.  Of  the  lower 
three  bones  the  uppermost  has  a  somewhat  triangular  shape,  and 
the  other  tAvo  are  simply  pisiform. 

The  bones  of  the  coccyx,  especially  the  lower  three,  are  com- 
posed of  very  spongy  structure. 

The  ossification  of  the  1st  bone  commences  in  the  1st  year  after 
birth;  that  of  the  2nd  in  the  2nd  year;  and  that  of  the  3rd  in  the 
3rd  or  4th  year.  That  of  the  others  is  later.  The  lower  three  are 
often  ankylosed  together  soon  after  puberty;  and,  as  the  1st  is  also 
frequently  united  to  the  sacrum  in  a  similar  manner,  the  2nd  bone 
is  the  one  which  remains  longest  distinct. 


THE  OS  INNOMINATUM. 

The  acetabulum  is  the  centre  of  the  os  innominatum,  with  the 
broad  ala  of  the  ilium  springing  from  it  above,  the  pubes  connected 
with  its  fore  part,  and  the  ischium  descending  from  it  beneath. 

The  lUimt  is  very  thick  and  strona;  over  the  sciatic 

mum.  .  .  -^  ° 

notch,  in  the  interval  between  the  articular  surface  for 
the  sacrum  and  the  cotyloid  cavity,  where  it  bears  the  weight  of 
the  trunk,  and  transmits  it  from  the  sacrum  to  the  femur.  This 
part  is  fii'st  ossified,  is  very  hard,  and  the  chief  nutritious  artery  of 
the  bone  enters  on  its  inner  side.  It  is  very  strong  also  near  its 
edge,  or  Crest,  where  it  gives  attachment  to  powerful  muscles  and  to 
fascise;  it  is  almost  transparent  in  the  middle,  to  lessen  its  weight. 
The  whole  ala  is  broad  and  slanted,  from  below,  outv/ards  and 
upwards  to  afford  space  for  the  abdominal  viscera,  and  to  sustain 
them  when  the  trunk  is  erect ;  and  its  two  surfaces,  as  well  as  its 
crest,  are  disposed  in  a  wavy  manner.  It  is  prolonged  backwards 
inwards  and  downwards  behind  the  sciatic  notch,  so  as  to  cause  the 
sacrum  to  occupy  a  comparatively  low  position  with  regard  to  the 
pubes.  This  prolongation  of  the  ala  backwards  and  downwards 
assists  in  maintaining  the  balance  of  the  trunk  upon  the  thigh- 
bones, and  in  preventing  its  falling  forwards ;  and  the  part  behind 
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the  sciatic  notch  is  inclined  inwards  and  downwards  to  afford  a 
better  support  to  the  sacrum.  The  Anterior  inferior  spine  is  pecu- 
liar to  the  human  pelvis.  It  serves  to  give  a  slight  leverage  to  the 
rectus  femoris,  making  some  amends  to  that  muscle  for  the  un- 
favourable position  in  which  it  is  placed  by  the  erect  posture. 

The   Os  pubis  runs  forwards  and  inwards  from  the 

Pubes. 

acetabulum,  so  as  to  complete  the  pelvic  arch  and  afford 
a  projecting  point  of  attachment  for  the  muscles  of  the  thigh  and 
trunk.  Just  in  front  of  the  acetabulum  it  is  narrow  and  triangular, 
and  is  liable  to  be  bent  inwards  under  the  pressure  of  the  thigh- 
bone in  rickets  and  mollities.  It  rises  into  an  eminence  near  the 
line  of  junction  with  the  ilium ;  and  the  femoral  artery  crosses  over 
it  just  on  the  inner  side  of  this  eminence. 

The  Ischium  presents  a  broad  thick  surface  for  the 

Ischium.  .         ,  .     . 

body  to  rest  upon  m  the  sitting  posture,  gives  attach- 
ment to  the  sacro-sciatic  ligaments  which  contribute  to  close  in  the 
lower  part  of  the  pelvis,  and  affords  a  projecting  point  for  the 
attachment  of  the  extensor  and  adductor  muscles  of  the  lower  ex- 
tremity. These  muscles,  the  hamstring  muscles  more  especially, 
are  very  powerful;  and  the  Tuber  iscliii  is  enabled  to  bear  their 
pull,  partly  by  reason  of  the  great  thickness  of  the  neck  which 
connects  it  with  the  acetabulum,  and  partly  from  the  support 
afforded  by  the  rami  of  the  ischium  and  pubes  in  front,  and  by  the 
sacro-sciatic  ligaments  behind. 

Ossification   begins   in   the   foetal   cartilage   of   the 

Development.  .  .      . 

ilium,  just  above  the  sciatic  notch,  during  the  2nd 
month,  and  quickly  radiates  through  the  ala,  which  is,  at  first,  of 
nearly  uniform  thickness ;  it  commences,  during  the  3rd  month,  in 
the  thick  part  of  the  ischium,  just  below  the  acetabulum ;  and,  dur- 
ing the  4th  or  5th  month,  in  the  horizontal  portion  of  the  pubes, 
near  the  acetabulum,  just  over  the  obturator  hole.  The  aceta- 
bular cavity  is,  therefore,  soon  surrounded  by  the  three  ossifying 
centres,  which  all  appear  in  its  immediate  neighbourhood.  They 
approach  one  another,  forming  the  circumference  of  the  acetabulum ; 
and  a  Y-shaped  piece  of  bone  (PL  XXXVI.  fig.  5  G)  is  often 
formed  in  the  cartilage  that  unites  them  at  the  bottom  of  the  cup. 
They  become  united  to  this,  or  to  one  another,  soon  after  puberty. 
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The  union  l)etween  tlie  rami  of  the  ischium  and  pulbes  takes  place 
at  about  the  7th  year ;  next  the  ischium  is  united  to  the  ilium ;  and, 
lastly,  the  pubes  is  joined  to  the  other  two  in  the  acetabulum.  About 
puberty  four  epiphyses  appear ;  one  on  the  crest  of  the  ilium,  ex- 
tending along  its  whole  length ;  one  on  the  anterior  inferior  spine 
of  the  ilium ;  a  3rd,  a  broad  plate,  is  formed  on  the  tuber  ischii, 
and  extends  some  distance  along  the  ascending  ramus  of  the 
ischium ;  a  4th,  a  thin  plate,  appears  on  the  inner  margin  of  the 
pubes,  and  the  symphysial  fibro-cartilage  is  attached  to  it.  All 
these  epiphyses  become  miited  to  the  os  innominatum  at  about  25; 
and  their  miion  with  it  is  so  close  that  it  is  not  easy  to  recognise 
any  line  of  demarcation. 
„        .  In    early  life    the   obturator   hole   is    nearly   oval ; 

Clianges  in  •/  j  J 

obturator  hole,  subsequently  it  is  extended  forwards  and  inwards  by 
the  growth  of  the  pubes  in  this  direction,  so  that  it  assumes  some- 
what of  a  triangular  form.  This  change  is  most  marked  in  the 
female  pelvis. 

Occasionally  the  rami  of  the  ischium  and  pubes  fail  to 
meet  and  to  complete  the  circle  of  the  obturator  hole\  Occa- 
sionally also  the  bottom  of  the  acetabulum  is  incomplete  or  is  very  thin. 
In  a  few  instances  the  bony  mai'gin  of  the  acetabukim  has  been  carried 
round  its  whole  circumference,  so  as  to  leave  no  notch,  only  a  foramen, 
at  the  lower  part".  In  a  specimen  of  the  malformation  called  "  extro- 
version of  the  bladder,"  contained  in  the  Musee  Dupuytren,  the  pubic 
bones  are  well  formed,  though  rather  short;  and  they  are  directed  for- 
wards, instead  of  forwards  and  inwards,  so  that  they  are  three  inches  apart 
in  the  middle  Hue.  Sometimes  the  spine  of  the  pubes  is  developed  as 
an  epiphysis,  which  has  been  compared  to  the  marsupial  bones  of  the  non- 
placentalia;  Lassus^  saw  in  the  male  subject  an  apophysis,  from  two 
to  three  inches  long,  growing,  from  the  inner  surface  of  the  pubes,  on 
either  side  of  the  symphysis. 


^  This  is  the  permanent  condition  in  Chelonian  reptUes.  In  most  reptiles  the 
rami  of  the  ischium  and  pubes  do  not  approach  one  another  below;  but  the  ischium, 
like  the  pubes,  is  continued  across  to  meet  its  fellow  of  the  opposite  side,  so  that  the 
two  foramina  ovalia  are  united  together  in  the  middle  line  and  form  one  great  trans- 
verse gap  between  the  pubic  and  ischiatic  bones. 

^  Hyrtl,  Anat.  s.  25 1.  ^  Pathologie  Chirur'jlcale,  I.  cap.  80. 
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SACRO-ILIAC  JOINT.     (Plate  XXXVII.) 

Dislocation  '^^^^  sacrum,  or  key-stone  of  the  pelvic  arch,  is  so  firmly 

^^^^-  wedged  in  between  the  alse  of  the  ilium  that  displacement 

can  scarcely  take  place,  unless  some  other  part  of  the  circle  of  the  pelvis 
is  broken  either  by  fracture  of  the  bones  or  by  rupture  of  the  sym- 
physis pubis.  Further,  the  ligaments  that  bind  the  sacrum  and  ilium 
together  are  so  strong  that  when  the  part  is  subjected  to  great  force 
it  is  no  uncommon  thing  for  one  of  the  bones  to  give  way,  while  the 
joint  remains  entire.  Thus,  in  the  case  of  a  man  who  fell  from  a  height 
upon  his  left  leg,  a  longitudinal  fracture  was  found  through  the  left 
side  of  the  sacrvim,  and  there  was  fracture  through  the  horizontal  and 
descending  rami  of  the  pubes;  but  the  ligaments,  both  of  the  sacro-iliac 
and  of  the  pubic  joints,  were  uninjured \  Nevei-theless  the  disjunction 
of  the  bones  is  sometimes  caused  by  heavy  weights  passing  over  the 
pelvis. 


1  The  specimen  is  in  the  Mus^e  Dupuytren,  and  the  case  is  related  by  Richerand, 

Nosographie  el  Therapeutique  Chirurgicales,  ii.  44. 


DESCRIPTION  OF  PLATE  XXXVII. 

Fig.  I.  Vertical  section  from  side  to  side  thi'ough  the  sacro-iliac  joint  of  a  male 
adult,  showing  the  wavy  line  of  union  between  the  cartilaginous  surfaces  of  the 
sacrum  and  of  the  ossa  ilii.  It  is  seen  to  be  not  perfectly  symmetrical.  A,  the  sacrum. 
B  B,  iliac  bones.  C,  D,  E,  upper  middle  and  lower  parts  of  articular  margin  of 
sacrum.     F,  superior  sacro-iliac  ligaments.     G,  G,  inferior  ditto. 

Fio-.  2.  Horizontal  section  of  sacro-iliac  joint  from  young  male.  A,  the  sacrum, 
the  lateral  portions  of  which  (/,  /)  are  still  united  by  cartilage  to  the  central  part, 
B  B,  the  iliac  bones.  K,  concave  margin  of  articular  surface  of  sacrum.  L,  stop 
formed  by  edge  of  ilium  projecting  in  front  of  sacrum.  M,  posterior,  and  N,  anterior 
sacro-iliac  ligaments.     H,  epiphysis  of  ilium. 

Fig.  3.  "Vertical  section,  from  side  to  side,  through  the  symphysis  pubis  of  a 
young  man.  The  cartilaginous  edges  of  the  bones  are  united  in  their  whole  length  by 
tough  tissue,  in  which  transverse  fibres  are  manifest.  A  and  B,  supra  and  infra-pubic 
ligaments. 

Fig.  4.  Similar  section,  through  the  same  part,  from  a  woman  set.  21,  who  died 
in  the  7th  month  of  pregnancy.  There  is  a  vertical  line  in  the  middle  of  the  symphysis 
which  indicates  the  position  of  a  fissure  or  linear  cavity.  I  found  a  precisely  similar 
fissiire  in  a  female,  set.  25,  who  had  never  been  pregnant. 
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Shape  of  the  The  displacement  of  the  sacrum  downwards  is  pre- 

faces prevents  vcntecl  \)j  the  wedgc-like  shape  of  the  bone,  and  by  the 
displacement     nnduhitino'  disposition  of  the    sm-face  by  which    it  is 

downwards  ox.  •/ 

and  upwards,  jointed  with  the  ilium.  The  articular  surface  of  the 
sacrum,  situated  on  either  side  of  the  ala,  extends  over  three  of  the 
component  bones  (see  fig.  1).  It  is,  accordingly,  of  considerable 
length ;  and  it  is  cm'ved  with  its  convexity  forwards,  that  is,  in  a 
direction  opposite  to  that  of  the  curvature  of  the  sacrum.  From 
some  resemblance  to  the  human  ear  it  has  been  called  the  "  ami- 
cular  focet."  The  upper  part  (0),  which  is  wide  and  bears  the 
chief  weight  of  the  trunk,  is  inclined  so  as  to  overlap  the  corre- 
sponding surface  of  the  ilium.  The  middle  part  [D)  is  concave 
from  above  downwards ;  and  the  lower  part  [E)  is  projected  out- 
wards beneath  the  edge  of  the  ilium,  so  as  to  prevent  displacement 
of  the  sacrum  upwards. 

Displacement  backwards  is  prevented  by  the  obli- 
quity of  the  articular  surfaces,  which  are  sloped,  from 
before,  inwards  and  backwards  (fig.  2),  in  such  a  manner  as  to 
permit  the  iliac  bones  to  enclose  the  hinder  part  of  the  sacrum  to  a 
considerable  extent.  So  complete  is  this  provision,  that  the  sacrum 
IS  scarcely  ever  forced  backwards  from  its  position. 

The  tendency  to  pass  forwards  is  obviated,  partly 

forwards.  .  .   .  "T  .  '    i  ^ 

by  the  disposition  of  the  ligaments  presently  to  be 
mentioned,  partly  by  the  articular  surface  of  the  sacrum  (fig.  2,  K) 
being  concave  from  before  backwards  to  receive  the  convex  iliac 
facet,  and  partly  by  a  ridge  (i),  which  forms  the  anterior  margin  of 
the  iliac  facet,  being  thrown  out  in  fi-ont  of  the  edge  of  the  sacrum, 
so  as  to  constitute  an  effectual  stop  to  any  advance  of  the  bone  in 
that  direction.  The  secm-ity  thus  afforded  by  the  shape  of  the 
articular  surfaces  is  increased  by  the  mutually  adapted  inequa- 
lities which  they  present  and  by  the  thin  layer  of  cartilage  which 
cements  them  firmly  together. 

sacro-mac  The  joint  is  further  strengthened  in  its  whole  cir- 

ligaments.  cumfcrencc  by  ligaments  passing  from  one  bone  to  the 
other.  Of  these  the  Posterior  sacro-iliac  ligaments  are  the  strongest; 
they  fill  up  much  of  the  interval  between  the  uneven  hinder  sm'faces 
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of  the  sacrum  and  the  iliac  bones,  and  are  composed  of  short  thick 
bimdles  disposed  in  different  directions,  Avith  more  or  less  obliquity, 
so  as  to  prevent  displacement  either  way :  the  greater  number  of 
them  pass  obliquely,  forwards  and  inwards,  from  the  ilium  to  the 
sacrum,  so  as  to  prevent  the  advance  of  the  sacrum  forwards.  In 
case  of  a  tendency  to  such  advance  they  are  tightened  in  conse- 
quence of  the  direction  of  their  fibres ;  and,  drawing  the  two  iliac 
bones  more  firmly  to  the  sacrum,  they  contribute  still  further  to 
the  secmity  of  the  joint. 

The  Anterio?',  Superior,  and  Inferior  sacro-iUac  liga- 

Hio-lumbar  and 

sacro-sciatic  meiits  {N,  F,  G)  pass  over  the  edges  ol  the  bones  as 
igamen  s.  represented  in  the  figures.  The  tendency  to  rotation 
forwards  upon  a  transverse  axis,  resulting  from  the  oblique  manner 
in  which  the  sacrum  is  placed  in  the  pelvis,  is  prevented  by  the 
disposition  of  the  Ilio-lumhar  ligaments  above  and  the  Sacro-sciatic 
ligaments  below;  for  both  of  these  act  as  stays,  the  former  upon 
the  upper,  the  latter,  upon  the  lower  end  of  the  sacrum.  The 
ilio-lumbar  ligaments,  passing,  backwards  and  outwards,  from  the 
transverse  processes  of  the  last  lumbar  vertebra  to  the  crest  of  the 
ilium,  on  either  side,  resist  pressure  of  the  vertebra  and  of  the  upper 
part  of  the  sacrum  forwards  and  downwards;  and  the  sacro-sciatic 
ligaments,  passing  from  the  tuber  and  spine  of  the  ischium,  up- 
wards and  backwards,  to  the  edge  of  the  sacrum,  beneath  the  joint 
with  the  ilium,  prevent  the  tilting  upwards  and  backwards  of  the 
lower  part  of  the  sacrum.  In  Birds,  and  in  the  three-toed  Sloth, 
the  place  of  the  sacro-sciatic  ligaments  is  occupied  by  a  bony  plate, 
which  connects  the  ischium  with  the  sacrum,  so  converting  the 
sacro-sciatic  notch  into  a  ixuQ  foramen. 

The  union  of  the  pubic  bones  at  the  Symphysis  (figs. 
^^  '^^'  '  3  and  4)  is,  like  that  of  the  sacrum  and  the  ilium,  very 
strong,  but  is  effected  in  a  somewhat  different  manner.  The  op- 
posed surfaces  of  the  pubic  bones  are  broad  and  flat;  and  each 
presents  a  dentated  edge,  which  bears  a  more  or  less  thick  pad  of 
cartilage.  The  cartilages  of  the  two  sides  are  united  by  tough 
tissue  (fig.  3),  which  is  fine  towards  the  middle  part  of  the  sym- 
physis, or  which  may  be  altogether  absent  there,  leaving  the  cartilages 
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in  juxtaposition,  and  separated  onlj  by  a  narrow  fissure  (fig.  4); 
towards  the  circumference  tlie  connecting  tissue  is  coarser  and  more 
distinctly  fibrous.  The  symphysis  is  flat  in  front,  and  convex, 
from  above  dowTiwards,  behind.  It  is  deeper  and  narrower  in  men 
than  in  women ;  the  greater  width  in  the  latter  is  chiefly  owing 
to  the  thickness  of  the  cartilaginous  pads  on  either  side.  It  is 
covered  by  ligamentous  fibres  passing  between  the  adjacent  edges 
of  the  bones,  and  named,  according  to  their  position,  Sujpra-,  Infra-, 
Anterior,  and  Posterior  ■puhic  ligaments. 

The  mode  in  which  the  pelvic  bones  are  united  by  the  interpo- 
sition of  cartilaginous  and  fibrous  pads  contributes  greatly  to 
prevent  the  transmission  of  jars  from  the  lower  extremities  to  the 
spine. 

seldom  the  seat  Ulceration  has  been  known  to  commence  in  the  symphy- 
of  disease.  gjgi  ^  ^3^^  \^  \^  rarely  the  seat  either  of  ankylosis  or  other 

disease.  A  case  is  related  by  Otto^,  where  it,  as  well  as  the  right 
sacro-iliac  joint,  was  completely  ossified  in  a  woman  set.  32;  this  was 
supposed  to  be  due  to  a  diastasis,  or  to  fractiire  of  the  parts  caused  by 
the  violent  use  of  the  forceps  in  a  former  labour.  He  quotes  two  other 
cases  of  ossification  of  the  symphysis  pubis,  and  remarks  that  it  not 
uncommonly  becomes  ossified  in  apes  and  other  animals  in  which  the 
cartilage  is  less  thick  than  in  man.  In  the  sacro-iliac  joint,  on  the  con- 
trary, where  the  apposition  of  the  bones  is  closer  in  man  than  in  the 
other  animals,  ankylosis  is  of  more  common  occurrence.  In  many  of 
the  lower  animals  the  symphysis  is  much  deeper,  uniting  the  rami  of 
the  pubes,  in  their  whole  extent,  as  well  as  part  of  the  ischium,  so 
afitording  more  support  to  the  viscera  beneath  which  it  is  j^laced  in  those 
animals,  instead  of  being  in  front  as  in  man. 
Softening  of  It  has  long  been  a  question  whether  the  pehdc  joints 

ligaments  in  .  -r>    n  •  i  t 

pregnancy.  become  more  las  m  pregnancy.  Kokitansky  observes  that, 
in  pregnancy,  the  firmness  with  which  the  bones  are  connected  is  slightly 
diminished,  the  fibro-cartilages  becoming  succulent,  soft  (and  vascular?). 
Otto  quotes  from  Frank  the  case  of  a  woman  whose  pelvis  was  so  move- 


1  Trans,  of  Path.  Soc.  v.  246. 

2  De  rariori  quodam  plenarias  ossium  pubis  ankylosis  exemplo. 
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able,  every  time  she  became  pregnant,  that  she  was  unable  to  stand.  In 
a  -woman  who  died  in  the  7th  month  I  found  the  pelvic  joints  permitted 
rather  more  movement  than  usual;  and  in  a  woman  on  whom  I  performed 
the  csesarian  operation,  in  consequence  of  deformity  of  the  pelvis  from 
mollities,  this  was  very  marked.  In  two  others,  who  died  at  the  full 
term  undelivered,  I  could  not  be  certain  that  any  change  had  taken 
place. 


THE   LOWER  EXTREMITY. 


THE    FEMUR    (Plate  XXXVIII.) 


Comparison  prsseiits  many  points  of  similarity  to  its  correspondent 
withhumenis.  "bone  (the  humerus)  in  the  upper  extremity.  Its  hemi- 
spherical head  is  set  off  at  an  angle  from  the  inner  side  of  the  shaft ; 
and  its  transversely  widened  lower  end  is  so  shaped  that  the  move- 
ments at  the  knee  are,  like  those  at  the  elbow,  of  the  hinge-kind. 
The  weight  of  the  body  is  received  on  the  inner  side  at  the  upper 
end,  and  is  transmitted  chiefly  through  the  outer  part  of  the  lower 
end,  that  is  to  say,  through  the  outer  condyle.  There  is  a  great  and 
a  lesser  "tubercle"  or  "trochanter"  near  the  upper  end,  to  give 
attachment  to  the  muscles  which  rotate  the  bone  on  its  axis  as  well 
as  move  it  in  other  directions;  there  is  a  rough  projection  on  the 
outer  side  of  the  shaft  for  the  great  abductor  muscle ;  and  there  are 
other  obvious  features  of  resemblance  between  the  two  bones.  The 
femur,  however,  forms  part  of  a  larger  extremity,  and  has  to  bear 
great  weight;  it  is,  therefore,  a  larger  and  a  stronger  bone  than 
the  humerus ;  it  measm-es  18  inches  in  length,  and  is  united  more 
secm-ely  to  the  pelvis  than  the  humerus  is  to  the  scapula.  The 
range  of  its  movements  is  consequently  more  limited,  and  its  tro- 
chanters stand  out  more  boldly.  Its  head  is  carried  upon  a  longer 
neck,  to  give  a  wider  basis  of  support  to  the  trunk  and  for  other 
piu-poses  presently  to  be  mentioned.  Its  cmwes  and  twists  are 
somewhat  different.  Thus  its  shaft  is  bowed  forward  below  and 
backward  above ;  and  its  head  and  neck  are  directed  obliquely  for- 
wards and  inwards  from  the  shaft,  instead  of  backwards  and  in- 
wards as  in  the  humerus;  hence  the  lesser  trochanter  is  in  a  plane 
behind  the  head,  instead  of  lying  in  front  of  it  as  it  does  in  the 
latter  bone.     Moreover  the  articular  surface  is  prolonged  upon  the 
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posterior  surface  of  its  lower  end,  instead  of  upon  the  anterior  sur- 
face, which  permits  tlie  flexion  of  the  knee  to  take  place  backwards 
instead  of  forwards. 

Relative  si^e  ^^  ^^^  already  been  remarked  (p.  89)  that  the  great 

great.  propoi^tionate  size  of  the  femur  is  one  of  the  peculiarities 

of  the  human  skeleton ;  and  that  it  is,  on  the  whole,  most  marked 
in  those  races  of  mankind  whose  bodily  framework  and  whose 
intellectual  powers  are  best  developed.  In  addition  to  its  size  as  a 
whole,  in  proportion  to  the  rest  of  the  skeleton,  the  human  thigh- 
bone is  marked  by  the  length  and  size  of  its  neck  and  head  in  pro- 
portion to  the  rest  of  the  bone,  by  the  extent  to  which  the  head  is 
covered  by  cartilage,  and  by  the  secure  manner  in  which  it  is  held 
in  the  acetabulum,  while  the  range  of  its  movement  is  greater  than 
in  most  of  the  lower  animals.  It  may  be  stated  as  a  general  rule 
that  the  bone  is  straight  in  proportion  as  it  is  long;  that  is  to 


DESCRIPTION   OF   PLATE   XXXVIII. 

Sections  of  Thigh-hone. 

Fig.  I.  Longitudinal  section,  from  side  to  side.  A,  part  of  inner  condyle,  near 
which  the  cancelli  are  far  apart.  B,  do.  of  outer  condyle.  Between  A'  and  B'  a 
dense  network  of  cancelli  indicates  the  line  of  union  of  the  epiphysis  with  the  shaft. 
No  trace  of  such  union  of  the  epiphysis  of  the  head  is  visible.  C,  part  of  outer  con- 
dyle, from  which  cancelli  ascend  vertically  to  outer  wall  of  shaft.  D,  hinder  part  of 
trochlea,  above  which  the  cancelli  are  fine.  G,  Upper  wall  of  neck,  towards  which 
cancelli  converge  from  outer  and  inner  wall  of  shaft.  H,  upper  surface  of  head,  from 
which  cancelli  descend  vertically  to  inner  wall  of  shaft.  /,  great  trochanter  filled 
with  delicate  cancelli. 

Fig.  2.  Horizontal  section  through  head,  neck,  and  great  trochanter.  It  shews 
the  concave  outline  of  the  posterior  surface  of  the  neck,  the  dense  cancelli  in  the  head, 
the  light  cancelli  in  the  fore  part  of  the  neck  and  the  trochanter  (/),  and  the  cancelli 
radiating  from  the  hinder  wall  of  the  neck  {K). 

Fig.  3.     Horizontal  section  through  middle  of  shaft.     L,  Linea  aspera. 

Fig.  4.  Horizontal  section  above  condyles.  A,  projection  of  inner  wall  of  shaft. 
B,  projection  of  outer  wall.     C,  projection  of  anterior  wall. 

Figs.  5  and  6.  Horizontal  sections  through  upper  and  through  lower  parts  of  con- 
dyles, A,  inner  condyle.  B,  outer  condyle.  C,  projecting  anterior  edge  of  outer 
condyle.  D,  trochlea  for  patella.  E,  intercondyloid  fossa  ;  the  cancelli  radiate  from 
the  wall  of  the  bone,  which  bounds  the  fore  part  of  this  fossa.  F,  groove  for  tendon  of 
poplitaeus. 
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say,  the  curves  in  tlie  shaft  are  slighter,  and  the  angle  formed  by 
the  neck  with  the  shaft  is  wider,  in  a  long  thigh-bone  than  in  a 
short  one. 

The  shaft:  its  ^^^^  niost  distinct  Curve  in  the  shaft  is  the  one  for- 

ciirves,  wards,  which  involves  its  whole  length,  and  which  is 

most  marked  in  the  middle.  Near  the  upper  end  of  the  bone  the 
direction  of  the  curve  is  reversed,  in  consequence  of  the  head  and 
neck  being  slanted  forwards ;  and  the  lesser  trochanter  forms  the 
most  prominent  point  of  this  backward  curve.  Slight  secondary 
cm-ves  may  be  observed  in  the  shafts  of  some  thigh-bones ;  the 
direction  of  these  is  inwards  at  the  lower  part,  and  outwards  in  the 
upper  third. 

its  thinnest  ^^^^  7iarroioesf  part  of  the  shaft  is  at  and  near  the 

part.  middle,  about  the  situation  of  the  greatest  convexity  of 

the  forward  cm've,  and  about  the  situation  of  the  confluence  of  the 
two  lateral  curves.  The  bone  is  here  denser,  and  its  outer  wall  is 
thicker  than  elsewhere  (fig.  1);  and  it  is  here  further  strengthened 
by  the  marked  projection  of  the  Itnea  aspera  in  the  arc  of  the  curve. 
In  spite  of  these  compensatory  aids,  however,  it  remains  rather  a 
weak  jDoint,  and  the  femur  is  more  often  broken  here  than  elsewhere. 
The  lines  which  are  combined  in  the  linea  aspera  diverge,  above 
and  below  the  middle  third,  ascending  to  the  trochanters,  and  de- 
scending to  the  tubercles  of  the  condyles.  The  line  that  passes  to 
the  inner  condyle  is  less  strongly  marked  than  that  to  the  outer 
condyle,  and  is  interrupted  soon  after  it  leaves  the  linea  aspera^  for 
about  two-thirds  of  an  inch,  by  a  smooth  space,  upon  which  the 
femoral  artery  lies  in  its  passage,  from  the  front  of  the  thigh,  into 
the  ham. 

Femoral  artery  The  arteiy  here  lies  so  close  to  the  femur  that  it  may  be 

exposed  to  in-    ^-^n^^j^.g(j  \^  ^ases  of  fracture.     I  remember  one  case  in  which 

jury  m  fracture        '' 

at  lower  third,  it,  as  well  as  the  vein,  was  divided  in  a  case  of  simple  frac- 
ture by  a  sharp  fragment  of  bone  driven  backwards  against  them;  and 
in  another  case  the  ai-tery  was  obliterated  by  the  pressure  of  one  of  tlie 
displaced  broken  extremities  of  the  bone.  That  it  so  often  escapes  in- 
juiy  when  the  bone  is  broken  is  due,  partly  to  its  own  strong  elastic 
structure,  and  partly  to  the  fibrous  sheath  of  the  triceps  adductor  muscle 
in  which  it  is  contained  at  the  part  where  it  lies  nearest  to  the  femur. 
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Canal  for  me-  ^^^^  above  tliis  siiiootli  poiiit  is  tlie  oi'ifice  of  the 

duUaiy  arteiy.    fallal  for  the  medullary  artery,  which  is  directed  up- 
wards.    The  orifice  of  another  canal  for  the  same  purpose,  and 
taking  the  same  direction,  is  sometimes  found  higher  up,  at  about 
the  junction  of  the  middle  with  the  upper  third  of  the  shaft. 
Lower  jart  of  '^^®  lowcr  part  of  the  shaft  becomes  large  and  broad 

shaft.  g^g  [^  approaches  the  condyles,  especially  in  the  direction 

of  the  inner  condyle,  which  stands  off  from  the  axial  line  of  the 
bone  in  a  more  marked  manner  than  does  the  outer  condyle.  The 
latter,  which  bears  the  greater  weight,  is  placed  more  directly  be- 
neath the  shaft ;  and  the  lower  part  of  the  shaft  is,  accordingly,  very 
thick  (from  before  backwards)  on  the  outer  side,  and  is  strength- 
ened by  ridges  descending  along  its  anterior  and  posterior  surfaces. 
Hence  a  transverse  section  of  this  part  of  the  shaft  presents  a  some- 
what triangular  outline  (fig.  4).  The  upper  third  of  the 
shaft  is  not  so  large  as  the  lower.  It  is  spread  out  a 
little  near  the  trochanters ;  and  its  wall  is  thickened  on  the  outer 
side,  at,  and  near,  the  insertion  of  the  gluteeus  maximus. 

When  fracture  of  any  part  of  the  shaft  takes  place,  the  lower  por- 
tion is  almost  always  driven  up  behind  the  upper.  The  exceptions  to 
this  are  very  rare. 

Neck  of  tiut'h-  ^^^^  ucck  of  the  thigli-bonc  is  long  and  strong,  for 

bone:  ^]jq  purposcs  of  widening  the  basis  of  support  of  the 

trunk,  of  extending  the  range  of  movement  at  the  hip,  and  of 
increasing  the  leverage  of  the  muscles  which  are  attached  to  the 
upper  end  of  the  thigh-bone  \     It,  moreover,  contributes  somewhat 


1  Bell,  Principles  of  Surgery,  i.  76,  illustrates  the  advantages  derived  from  the 
obliquity  of  the  neck  of  the  thigh-bone  by  the  dishing  of  a  wheel.  He  remarks  that 
when  the  body  is  equally  supported  on  both  thigh-bones,  the  weight  is  transiiptted  to 
them  in  an  unfavourable  direction,  but  then  each  bears  its  own  share,  and  the  centre 
of  gravitation  falls  in  the  middle  between  them ;  and  when  the  body  is  inclined  to  one 
side,  the  whole  weight  falls  upon  the  neck  of  one  thigh-bone,  but  it  falls  upon  it  in  a 
new  and  more  favourable  direction,  bearing  upon  it  almost  perpendicularly.  The 
comparison  fails,  however,  in  the  important  particular  that  the  inclination  of  the  body 
to  one  side  is  not  attended  with  a  corresponding  inclination  of  the  thigh.  On  the 
contrary,  the  thigh  upon  which  the  body  rests  is  inclined  in  an  opposite  direction,  so 
as  to  be  brought  more  perpendicularly  under  the  centre  of  gravity,  and  the  neck  of  the 
femur,  being  thus  placed  more  nearly  at  right  angles  with  the  horizon,  is  actually  in  a 
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to  the  elasticity  of  the  skeleton,  by  transmitting  tlie  weight  in  a 
curve  instead  of  in  a  straight  line.     It  forms  an  angle 

its  angle  with  o      t  c\  r-  m  i 

the  shaft  pro-  ot  aboiit  12o°  to  130*^  With  the  shaft.  Ihis,  however, 
fenqth  of  thi°h  varies  a  little.  As  a  general  rule  the  width  of  the  angle 
and  naiTowuess  "bgars  a  proportioii  to  the  length  of  the  thigh-bone  and 
the  narrowness  of  the  pelvis.  This  may  be  illustrated 
by  the  accompanying  diagram  in  which  A  and  B  repre-   4_  '^ 

sent  the  angles  of  j miction  of  the  necks  of  the  thigh-bones 
with  the  shafts.  AC  and  BC  are  the  two  thigh-bones 
approximated  to  one  another  at  the  knees  C.    The  line  c 

AB  represents  the  transverse  diameter  of  the  pelvis  with  the 
heads  and  necks  of  the  thigh-bones ;  and  is  accordingly  the  trans- 
verse measm*ement  between  the  upper  ends  of  the  thigh-bones,  the 
length  of  which  is  regulated  chiefly  by  the  width  of  the  pelvis.  It 
is  evident  that  the  angles  at  A  and  B  will  be  reduced  in  proportion 
as  the  distance  from  A  to  B  (in  other  words  as  the  width  of  the 
pelvis)  is  increased.  Again  it  is  evident  that  they  will  be  reduced 
in  proportion  as  the  length  of  the  lines  A  C  and  BG  (which  represent 
the  thigh-bones)  are  shortened.  In  women,  accordingly,  the  pelvis 
being  wide  and  the  thighs  short,  we  find  that  the  neck  of  the 
thigh-bone  forms  more  nearly  a  right  angle  with  the  shaft  than  it 
does  in  men\  In  short  men,  also,  the  angle  is  smaller  than  in  tall 
men. 

The  angle  varies  somewhat  at  different  periods  of  life. 

Varies  at  differ- 
ent periods  of     It   is  wide  in  the  cartilaginous  condition  of  the  foetus  and 

in   the   child;    and   this,   together   with    the    deficiency    of 

width  of  the  pelvis  in  early  hfe  (p.  445),  causes  the  hips  to  be  narrow 

and  the  trochanters  to  project  but  Httle.     Hence   it  is  comparatively 

difficult  to   distinguish   the   nature   of  injuries   about   the   hip-joint  in 


rather  less  favourable  position  than  it  was  before.  Compensation  is  however  afforded 
in  this  way.  When  the  body  rests  upon  both  lower  limbs,  the  weight  is  borne  upon 
the  extremiiies  of  the  heads  of  the  thigh-bones,  at  the  points  most  distant  from  the 
shafts.  When  the  body  is  inclined  to  one  side  so  as  to  rest  upon  one  limb,  the  tilting 
of  the  pelvis  throws  the  weight  more  directly  upon  the  upper  part  of  the  head  of  the 
femur,  nearer  to  the  line  of  the  shaft,  and  almost  perpendicularly  over  the  dense 
stratum  of  cancelli  that  descends,  from  this  part  of  the  head,  to  the  inner  wall  of  the 
shaft  (Fig.  I,  H). 

^  It  is  said  by  Sue  that  the  neck  of  the  thigh-bone  is  a  few  lines  longer  in  women 
than  in  men. 
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children.  As  growth  proceeds  the  hips  become  widened,  the  trochanters 
are  rendered  more  prominent,  and  the  angle  of  the  neck  with  the  shaft  is 
reduced;  these  changes  are  most  marked  after  puberty,  and  in  women. 
In  old  age  the  angle  becomes  further  reduced;  whereby  the  hips  are 
thrown  into  still  greater  prominence,  and  this  part  of  the  thigh-bone  is 
more  exposed  to  injury \ 

In  rickety  subjects,  as  we  might  have  anticipated,  the 

and  in  rickets  _ 

and  other  angle  becomes  reduced,  often  to  a  right  angle,  and  sometimes 

even  below  this.  It  may  undergo  an  alteration  also  under 
some  other  circumstances,  as  when  a  fracture  of  the  shaft  has  united  in 
a  bad  position.  Such  alterations,  whether  from  rickets  or  other  causes, 
are  usually  attended  with  an  extension  of  the  articular  surface  upon  the 
upper,  and  its  diminution  upon  the  under,  side  of  the  head  of  the  bone. 

The  neck  of  the  thigli-bone  is  enlarged  at  its  base, 
and  its  vertical  diameter  is  increased,  by  the  extension 
and  thickening  of  the  lower  edge  which  slopes  down  to  join  the 
lower  trochanter  and  the  shaft.  The  strength  thus  imparted  is 
required  here  in  consequence  of  the  angle  at  which  the  neck  is 
set  upon  the  shaft.  Another  strong  projecting  ridge  runs  along 
the  upper  and  anterior  part  of  the  neck  to  the  great  trochanter. 
Hence  the  neck  is,  in  its  outer,  or  trochantral  half,  flattened  from 
before  backwards,  so  that  its  antero-posterior  diameter  measures  a 
third  less  than  the  vertical  diameter.  Near  to  the  head  it  is 
smaller  and  of  more  circular  shape ;  this  is  accordingly  the  weakest 
part,  and  the  most  frequent  seat  of  fracture. 

its  curve  for-  "^^^^  horizontal  section  (fig.  2)  shews  that  the  neck 

wards.  dcscribcs  a  slight  curve,  with  the  convexity  forwards, 

that  is,  opposite  to  the  direction  of  the  curve,  which  is  formed  at 
the  junction  of  the  base  of  the  neck  with  the  upper  part  of  the 
shaft.  The  curvature  is  greater  on  the  hinder,  than  on  the  anterior, 
surface  of  the  neck. 


1  This  alteration  does  not  invariably  take  place.  Thus  I  have  found  the  angle  to 
measure  125"  in  some  edentulous  skeletons ;  but  in  the  greater  number  that  I  have 
had  an  opportunity  of  examining,  it  was  much  below  this,  being  generally  about 
110°  after  the  age  of  70.  The  change  in  the  degree  of  inclination  of  the  neck  of 
the  thigh-bone  is  one  of  the  causes  of  the  decreasing  of  the  height  of  the  figure  in 
advancing  years. 
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„   .    ,  It  results  from  this  curve,  tliat  when  fracture  is  caused 

Periosteum  on  ' 

fore  part  of        by  a  blow  or  fall  upon  the  trochanter,   the  bone  yields  in 

neck  usually  -T,..  „   .  .  ,         .     .       „ 

torn  through  in  the  direction  of  its  convexity,  that  is  m  front,  and  the  peri- 
lacture.  osteum  and  synovial  membrane  are  apt  to  be  lacerated  in 

that  situation  by  the  sharp  projecting  edges  of  the  fracture.  Moreover,  the 
anterior  coua'cx  surface  of  the  neck  is  rough,  perforated  by  many  holes  for 
vessels,  and  is  therefore  closely  connected  with  its  periosteum,  in  com- 
parison with  the  posterior  concave  surface,  which  is  very  dense,  smooth, 
and  loosely  connected  with  its  periosteum.  For  these  two  reasons  we 
find  that  in  by  far  the  greater  number  of  cases  of  fracture  of  the  neck  of 
the  thigh-bone  the  periosteal  and  synovial  investments  of  the  bone  are 
torn  through  in  front,  but  retain  their  continuity  behind. 

Close  to  the  overlianging  cartilaginous  edge  of  the  head  of  the 
femur  the  neck  is  suddenly  enlarged  a  little,  and  is  perforated  all 
round  by  holes  for  vessels.  Besides  tlie  vessels  derived  from  these 
som-ces  and  from  the  cancellous  texture  in  the  interior  of  the  neck, 
others  are  transmitted  to  the  head  of  the  bone  by  means  of  the 
romid  ligament.  It  is  evident,  therefore,  that  the  head  and  neck 
of  the  femm*  are  as  well  furnished  with  blood  as  other  parts  of  the 
osseous  system,  and  that  the  failure  of  reunion  after  fracture,  which 
is  so  commonly  observed  in  this  portion  of  the  skeleton,  cannot  be 
attributed  to  a  deficient  supply  of  nutritive  material. 

The  liability  to  fracture   of  the   neck  of  the  femur  in 

Causes  of 

Uabiiities  to  elderly  persons,  and  especially  in  elderly  females,  is  depend- 
rac  uie,  ^^^  ^^  ^-^^  following  causes.     First,  this  part  of  the  skeleton 

has  to  bear  a  considerable  weight,  which  falls  upon  it  in  a  very  un- 
favourable direction ;  and  the  direction  becomes  increasingly  unfavour- 
able with  advancing  years,  owing  to  the  gradual  decrease  of  the  angle 
between  the  neck  and  the  shaft.  Secondly,  during  the  early  and  the  adult 
periods  of  life,  the  neck  of  the  femui-  is  enabled  to  meet  this  difficulty  by 
the  large  amount  of  cancellated  texture  which  fills  up  its  interior,  and  by 
the  cancelli  being  disposed  in  such  a  manner  (fig.  1,  II)  as  to  afford  sup- 
port in  the  direction  in  which  it  is  most  needed;  so  that  the  neck  of 
the  femur  is  very  much  dependent  for  its  strength  upon  the  arrangement 
and  perfection  of  its  cancelli.  In  old  age,  however,  at  the  same  time 
that  the  difficulty  is  being  increased  by  the  alteration  of  the  angle,  the 
compensatory  aid  is  being  withdrawn  by  that  absorption  of  the  cancellated 
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tissue,  which  takes  place,  more  or  less,  in  all  parts  of  the  skeleton 
at  this  time  of  life  (p.  56),  and  which  seems  to  begin,  and  to  proceed, 
most  quickly  in  the  upper  end  of  the  thigh-bone.  Thirdly,  the  lessen- 
ing of  the  angle  formed  by  the  neck  of  the  femur  with  the  shaft,  in 
elderly  persons,  throws  the  hips  more  out,  and  renders  them  more  ex- 
posed to  injury. 

and  failure  of  These  are,  probably,  the  chief  causes  of  the  frequency 

uinon.  with  which  fracture  occurs  through  the  neck  of  the  thigh- 

bone in  old  age,  and  of  the  comparative  exemption  of  young  persons 
from  the  accident.  The  breakage,  as  I  have  already  said,  takes  place 
most  frequently  near  the  head  of  the  bone;  it  is  also  not  uncommon  in 
the  opposite  or  trochantral  j)art  of  the  neck.  In  the  latter  situation 
reparation  will,  under  favourable  circumstances,  commonly  take  place, 
and  bony  reunion  will  be  effected.  In  the  former  situation  such  a  result 
is  not  to  be  expected;  because  the  bone  is  here  surrounded  by  only  a 
thin  sheet  of  fibrous  and  synovial  tissue,  which  affords  no  opportvmity  for 
the  formation  and  lodgement  of  the  materials  from  which  any  external 
callus  might  be  formed;  because  the  bony  surfaces  themselves  are  not 
retained  in  sufficiently  close  and  steady  apposition  to  permit  of  the  slow 
process  of  direct  osseous  union  between  them ;  and  because  that  process 
is  still  further  disturbed  by  the  admission  of  synovial  fluid  into  the  frac- 
ture. It  has  now  and  then  happened  that  the  two  fractured  surfaces 
have  been  held  closely  together,  probably  becaitse  a  portion  of  one  was 
driven  tightly  into  the  other;  and,  under  such  circumstances,  bony 
union  has  been  established ;  but  it  is  a  rare  event.  Sometimes  the  parts 
are  joined  by  fibrous  tissue;  often,  however,  tliey  remain  nearly  or  quite 
unconnected;  indeed  the  portion  of  the  neck  that  intervenes  between 
the  fracture  and  the  trochanters  usually  undergoes  absorption,  in  conse- 
quence (probably)  of  the  pressure  and  friction  to  which  it  is  subjected, 
against  the  acetabulum  and  surrounding  parts,  by  the  weight  and  move- 
ments of  the  limb,  and  by  the  contraction  of  the  muscles. 

The  Trochanters  ijp^x^  or  rpoxdw,  to  run)  are  situated 

Trochanters.  -.         .  .  n      ^  i-iii(> 

at  the  junction  oi  the  neck  with  the  shait;  and  they 
serve  to  strengthen  that  part,  and  to  give  attachment  and  leverage 
to  the  muscles.  The  great  trochanter  ministers  in  this  way  to  the 
muscles  which  abduct  and  rotate  the  thigh  outwards ;  and  the 
lesser  trochanter,  in  like  manner,  to  the  psoas  and  iliacus,  which 
bend  the  thigh  upon  the  trunk.    The  latter  process,  which  is  directed 
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inwards  as  well  as  backwards,  serves  also  to  keep  the  tendon 
of  the  psoas  and  iliacus  clear  of  the  neck  of  the  femur.  These 
two  muscles  are  very  powerful;  they  are  the  great  agents  in 
advancing  the  lower  extremity  in  walking  or  running,  and  they 
have  the  leverage  afforded  by  the  whole  length  of  the  limb  against 
them ;  and  the  ridge  which  runs  from  the  fore  part  of  the  head 
of  the  femur,  along  the  upper  and  anterior  surface  of  the  neck, 
to  the  great  trochanter,  is  mainly  for  the  purpose  of  enabling  the 
neck  to  bear  the  forcible  tug  of  these  powerful  and  frequently 
acting  muscles.  The  top  of  the  great  trochanter  is  about  f  of 
an  inch  lower  than  that  of  the  head  of  the  femur.  The  difference 
of  elevation  between  the  two  varies,  however,  with  the  degree  of 
inclination  of  the  neck. 

A  rough  prominent  surface  for  the  attachment  of  the  tendon 
of  the  glutceiis  maximus — the  great  opponent  of  the  psoas  and 
iliacus — is  situated  a  little  external  to  the  trochanter  minor,  and 
runs  for  some  distance  doAvn  the  hinder  and  outer  part  of  the 
shafts  Thus  the  powerful  muscles  which  are  the  great  agents  in 
moving  the  lower  extremity  backwards  and  forwards  upon  the 
trunk — or  in  rolling  the  trunk  backwards  and  forwards  upon  the 
extremity — are  attached  to  the  femur,  in  close  proximity  to  one 
another. 

intertrochan-  ^^  ^^^®    Intertrochanteric   ridges    the   posterior   and 

teric  ridges.  thicker,  running  directly  between  the  trochanters,  serves 
to  support  them  both  and  to  strengthen  the  bone  at  this  part  where 
the  weight  is  received  from  the  dense  concave  posterior  side  of  the 
neck.  The  anterior  gives  attachment  to  the  strong  anterior  liga- 
ment of  the  hip.  It  descends  from  the  fore  part  of  the  great 
trochanter,  along  the  base  of  the  neck,  to  the  level  of  the  lesser 
trochanter ;  and  then  makes  a  sudden  bend,  or  rather  an  acute 
angle,  and  runs  upwards,  upon  the  lower  part  of  the  neck,  without 
touching  the  trochanter. 


^  The  space  for  the  attachment  of  the  glutmus  mammus  runs  out  into  a  broad  bold 
process  in  the  hare  and  some  other  animals,  resembling  the  prominent  ridge  in  the 
hximerus  of  the  mole,  to  which  the  deltoid — the  corresponding  muscle  of  the  upper 
extremity — is  attached. 
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^  ,  .     ,„  A  lono-itudinal   section   of  the  tliia;li-lbone   (fiff.   1) 

Interior  of  the  °  o  \    o         ■/ 

bone.  sliews  the  external  wall  to  be  peculiarly  thick  and  dense 

in  the  middle  third  of  the  shaft,  or  rather  in  the  u]Dper  part  of  the 
middle  third,  where  the  bone  is  narrowest,  and  where  the  medul- 
lary canal  is  most  completely  formed.  Traced  above  and  below 
this,  as  the  bone  becomes  expanded,  the  outer  wall  becomes  thin- 
ner, in  consequence  of  its  inner  surface  being  more  and  more  re- 
solved into  cancellated  texture,  which  extends  further  and  further 
into  the  medullary  canal,  narrowing  and  finally  obliterating  it. 
So  that,  in  the  upper  and  lower  thirds,  and  in  the  articular  ex- 
tremities particularly,  the  outer  wall  is  reduced  to  extreme  tenuity, 
tlie  medullary  canal  is  quite  lost,  and  the  bone  is  almost  entirely 
made  up  of  cancelli.  This  is  the  case,  to  a  greater  extent,  in  the 
lower  third  of  the  shaft  than  in  the  upper  third ;  and  the  medullary 
canal  is  continued  further,  and  terminates  more  abruptly,  in  the 
latter  direction  than  in  the  former. 

The   disposition   of   the   bony   plates   forming    the 

Arrangement  _    _  ^      i  <j 

of  the  cancelli  caucelli  is  wortliy  of  remark.  In  the  upper  end  of  the 
bone  they  run,  in  great  strength  and  in  parallel  lines, 
from  the  summit  of  the  head  {H),  where  the  greatest  weight  is 
borne,  downward^to  the  expanding  inner  wall  of  the  shaft,  which  is 
there  very  thick  and  is  strengthened  by  the  proximity  of  the  lesser 
trochanter.  Other  plates,  passing  off  from  all  round  the  interior 
of  the  wall  in  its  whole  circumference,  where  it  expands,  above  the 
level  of  the  lesser  trochanter,  run  upwards  and  converge,  near  the 
junction  of  the  neck  with  the  great  trochanter  {G),  so  as  to  form  a 
series  of  arches  which  support  the  upper  wall  of  the  neck.  The 
great  trochanter  itself,  which  lies  external  to  the  line  in  which 
weight  is  transmitted,  is  composed  of  very  light  structure,  i.  e.  of 
delicate  cancelli  enclosing  large  cells. 

Now  in  old  age  the  more  delicate  parts  of  the  cancellated  structure 
of  the  bone  are  first  removed,  that  is  to  say,  the  cancelli  in  the  great 
trochanter,  and  in  the  neighbouring  part  of  the  base  of  the  neck. 
Hence  a  blow  often  breaks  in  the  great  trochanter,  or  causes  the  base 
of  the  neck  of  the  femur  to  be  broken  and  driven  into  the  interior  of  the 
great  trochanter,  which,  being  reduced  to  an  almost  adipose  state,  offers 
little  resistance.      The  same  change,  occurring  at  the  other  end  of  the 
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neck,  clears  away  tlie  delicate  cancelli  ou  either  side  of  the  strong  parallel 
vertical  plates  above  mentioned,  so  as  to  leave  the  latter  almost  alone. 
These,  too,  become  weakened  by  the  same  process;  and  the  bone  which 
is,  at  this  part,  chiefly  dependent  for  strength  upon  the  perfection  of  its 
cancelli,  is  easily  bx'oken  when  subjected  to  any  sudden  jar  or  blow. 

ill  the  lower  ^^  ^^^®  lowci'  part  of  tlic  femuT  the  cancelli,  gradually 

'^^^-  separating  from  the  inner  surface  of  the  wall,  as  the 

latter  becomes  more  and  more  expanded,  descend  chiefly  in  per- 
pendicular plates  to  the  articular  surface.  They  are  interrupted 
an  inch  above  it  by  a  wavy  transverse  line,  which  marks  the  junc- 
tion of  the  epiphysis  with  the  shaft,  and  which  is  more  apparent 
than  the  corresponding  line  between  the  head  and  the  neck,  in 
accordance  with  the  later  union  of  the  lower  epiphysis.  This  line 
is  first  obliterated  in  the  middle,  above  the  part  where  the  nucleus 
of  the  epiphysis  was  first  formed,  which  seems  to  indicate  that  the 
union  of  the  latter  with  the  shaft  is  first  effected  here.  The  can- 
celli are  strongest,  and  most  decidedly  perpendicular,  above  the 
middle  of  the  outer  condyle  (C),  where  the  greatest  weiglit  is 
borne.  Above  the  space  between  the  condyles  {B)  the  direction  of 
the  cancelli  is  more  confused.  Above  the  outer,  part  of  the  inner 
condyle  they  are  again  more  perpendicular.  A  small  space  on  the 
outer  part  of  the  outer  condyle  {B),  and  a  larger  space  on  the  inner 
part  of  the  internal  condyle  {A), — both  being  out  of  the  line  in 
which  the  chief  weight  is  borne — are  composed  of  light  cancelli 
with  large  interspaces.  Near  the  articular  smiace  the  cancelli  be- 
come much  closer,  and  their  arrangement  is  less  clear,  though  their 
chief  direction  is  still  perpendicular  to  the  surface. 
Len-thoftiie  When  the  lower  ends  of  the  two  thigh-bones  are 

condyles.  placed  near  together  upon  a  level  surface,  as  when  they 
rest  upon  the  upper  surfaces  of  the  tibise  in  the  erect  position,  their 
shafts  slant  away  from  one  another,  so  that  each  forms  an  angle  of 
about  lo*^  with  a  perpendicular  line  falling  between  them.  The 
degree  of  obliquity  varies  a  little;  it  is,  as  a  general  rule,  greatest 
in  women  and  in  short  persons,  i.  e.  in  those  persons  in  whom  the 
angle  of  the  neck  with  the  shaft  is  smallest.  The  inner  condyle  of 
the  femm-  is  longer  than  the  outer,  in  order  to  render  the  articular 
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surface  at  the  knee  level.  Its  length,  therefore,  bears  a  relation  to 
the  obliquity  of  the  femur,  and  also  to  the  angle  formed  by  the 
neck  with  the  shaft.  This  obliquity  of  the  thigh-bones,  and  the 
prolongation  of  the  inner  condyles,  permit  the  tibite  to  be  brought 
close  together  under  the  line  of  gravity,  whereby  oscillation  of  the 
trunk  from  side  to  side  in  walking  is  diminished  or  prevented. 

Banciy-leg and  I^^  some  instances  the  object  is  not  completely  attained, 

knock-knee.  ^j^g  inner  Condyle  not  having  quite  its  proper  length.  The 
knees  then  are  wide  apart,  and  the  individual  is  said  to  be  "bandy- 
legged," and  has  rather  a  waddling  gait.  On  the  other  hand,  the  inner 
condyle  may  exceed  its  proper  length ' ;  the  knees  are  then  too  close 
together ;  and  the  tibiae,  instead  of  descending  vertically,  acquire  a  slant 
outwards,  so  that  the  ankles  are  separated  from  one  another.  This  con- 
stitutes "  knock  knee ;"  it  is  always  attended  with  weakness  of  the  limbs 
and  an  imperfect  gait. 

Holes  for  "^^   ^^^®   bottom   of  the   deep   hollow    between   the 

vessels.  hinder  part    of  the    condyles  are  two,   three,   or  more 

foramina  for  vessels.  They  correspond  with  the  medullary  foramina 
in  the  shafts  of  long  bones,  and  with  certain  large  foramina  in 
the  vertebras  and  other  short  bones ;  and  they  indicate  the  point 
at  which  ossification  began.  Between  the  7th  and  8th  month  of 
foetal  life,  vessels  are  seen  to  enter  the  epiphysial  cartilage  at  this 
spot,  and  to  be  distributed  in  the  contiguous  substance  of  the 
cartilage. 

Ossification  of  the  femur  begins,  near  the  middle  of 
the  shaft,  at  about  the  40th  day  of  foetal  life,  which  is 
a  little  earlier  than  in  the  shaft  of  the  humerus.     A  nucleus  ap- 
pears in  the  lower  epiphysis,  just  above  the  interval  between  the 
condyles,  about  a  fortnight  before  birth.     This  and  the  adjacent 


1  It  would  be  more  proper  to  say  that  the  ov^ter  condyle  does  not  attain  its  proper 
length.  I  naade  out  this  deficiency  of  length  of  the  outer  condyle  to  be  the  cause  of 
"knock-knee"  by  careful  examinations  of  patients  who  were  the  subjects  of  the  de- 
fomaity  (Lectures  on  Surgery  in  Provincial  Med.  and  Sim-g.  Journal,  1850,  p.  91) ; 
and  I  lately  found,  in  the  Mus^e  Dupuytren,  a  specimen  in  which  the  shortness  of  the 
condyle  is  veiy  apparent;  still  more  recently  I  had  an  opportunity  of  verifying  the 
same  by  dissection. 
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epiphysis  of  the  tihic't  are  the  only  ones  in  the  body  in  which  an 
osseous  nucleus  exists  at  birth.  The  presence  of  this  nucleus  is 
sometimes  of  importance  in  a  medico-legal  point  of  view,  as  afford- 
ing a  means  of  assisting  us  to  determine  the  age  of  a  foetus.  In 
accordance  with  the  law  that  epiphyses,  which  are  first  ossified,  are 
last  miited  to  their  shafts,  the  lower  epiphysis  of  the  thigh-bone 
remains  separate  longer  than  any  other  in  the  body.  Ossifica- 
tion extends  from  the  shaft  into  the  neck.  A  nucleus  appears  for 
the  epiphysis  of  the  head  at  the  end  of  the  1st  year;  in  that  for  the 
gTcat  trochanter  about  the  4th  year;  and  in  that  for  the  lesser  tro- 
chanter about  the  13th  year.  The  several  epiphyses  are  united  to 
the  shaft  in  the  inverse  order  to  that  of  their  appearance ;  the  lesser 
ti-ochanter  soon  after  puberty;  the  great  trochanter  at  about  17; 
the  head  at  18^;  and  the  lower  extremity  from  20  to  25. 

At  birth  the  femur  presents,  in  a  more  or  less  marked 

Proportion  to 

rest  of  skeleton  manner,  the  same  curves  and  prominences  as  in  tlie  adult '. 
'  '  The  neck  is  skort  and  more  nearly  in  the  same  line  with  the 
shaft  (PL  I.  p.  35) ;  the  two  thigh-bones  are  more  nearly  parallel ;  and  there 
is  less  difference  in  length  between  the  outer  and  the  inner  condyle.  The 
bone  is  comparatively  short  at  birth,  and  does  not  attain  its  proper  rela- 
tive length  tUl  after  puberty  (Table  at  p.  11 0).  It  is,  relatively  to  the  rest 
of  the  skeleton,  longer  in  man  than  in  most  animals,  and  in  the  European 
than  in  the  Negro  (pp.  106  and  108).  In  cases  of  rickets  it  not  unfre- 
quently  fails  to  attain  its  proper  length  on  one  or  both  sides  (pp.  53, 
63,  100). 

The    connecting  medium  between   the  lower    epiphysis 

Diseases. 

and  the  shaft  is,  not  unfrequently,  the  seat  of  acute  ulcera- 
tive inflammation  in  young  persons.  Exostoses  may  grow  from  various 
parts  of  the  thigh-bone;  the  most  freqiieut  situation  is  the  front  of  the 
shaft,  where  they  are  commonly  broad  and  flat,  and  the  neighbourhood  of 
the  attachment  of  the  adductor  longus  to  the  inner  condyle,  where  they 


1  Meckel  says  the  union  of  the  head  takes  place  before  that  of  the  great  tro- 
chanter. 

^  The  curve  backwards  in  the  upper  part  is  commonly  rather  more,  and  the  curve 
forwards  in  the  middle  and  lower  part  of  the  shaft  is  rather  less  decided  than  they 
subsequently  become. 
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are  generally  more  elongated '.  It  is  frequently,  perhaps  more  frequently, 
than  any  other  of  the  long  bones,  the  seat  of  encephaloma,  which  may 
spring  from  its  shaft,  from  the  spongy  texture  of  its  internal  condyle, 
or  from  any  other  part. 


THE  PATELLA   (Plates  XXXIX.  and  XL.) 
serves  to  protect  the  front  of  the  knee-joint;    and  it 

Protects  knee  on      i  i  u.      j^i  7    •  ,  i 

and  affords       aiiords  soHie  leverage  to  the  quadriceps  extensor  muscle, 
leverage  to        -^     distancing  its  tendon  from  the  centre  of  motion  in 

quadriceps.  •>  " 


the  knee.  For  the  former  purpose  it  is  spread  out  so  as 
to  cover  a  large  space ;  and  it  is  flattened  upon  the  anterior  sur- 
face to  permit  of  kneeling  upon  it  without  discomfort.  For  the 
sake  of  leverage  it  is  thick,  so  as  to  present  a  prominent  anterior 
edge,  which  is  removed  to  some  little  distance  from  the  articular 
surface.  To  this  prominent  edge  the  tendon  of  the  quadriceps 
is  connected  above,  and  its  continuation,  the  tendo-jyatellce,  below; 
and  some  fibres  of  communication  between  the  two  occupy  the  lon- 
gitudinal fmrrows  on  the  anterior  surface  of  the  bone.  The  interval 
between  the  insertion  of  the  tendons  and  the  margin  of  the  cartilage 
of  the  patella  is,  in  each  instance,  occupied  by  a  roll  of  fat  (PL 
XXXIX.  F  and  /).  The  upper  edge  of  the  patella  is  broad, 
to  receive  the  broad  tendon  of  the  quadriceps,  and  is  sloped  a 
little,  from  above,  downwards  and  forwards.  The  lower  edge  is 
more  pointed,  the  tendo-patellee  being  less  wide  than  that  of  the 
quadriceps;  it  is  prolonged  to  a  considerable  distance  below  the 
level  of  the  articular  surface;  and  it  overhangs  the  mass  of  fat  (7) 
wliicli  lies  on  the  front  of  the  joint. 


^  Barkow,  Anatomische  Abhandlungen,  Breslaw,  1851,  describes  a  process,  occasion- 
ally met  with,  projecting  from  the  outer  side  of  the  shaft  of  the  femur,  at  a  variable 
distance  above  the  condyle.  He  calls  it  "external  supra-condyloid,"  and  regards  it  as 
analogous  to  the  process  found  in  the  horse,  beaver,  armadillo,  &c.  Dr  Wilbrand, 
B7'it.  and  For.  Med.  Rev.  xix.  571,  describes  such  a  process,  in  a  strong  man,  situated 
at  the  attachment  of  the  short  portion  of  the  biceps  femoris  ;  it  was  one  inch  and  a 
half  long,  four  lines  thick,  and  projected  outwards  nearly  three-fourths  of  an  inch,  and 
had  not  at  all  the  appearance  of  a  morbid  exostosis. 
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In  the  bent  position  of  the  knee  the  prominent  an- 
condyies  iii  dif-  tcrior  siirface  of  the  femoral  condyles  affords  a  leverage 
oTthe  ^lint -"^"^  ^^  *^^®  quadriceps ;  and  the  patella,  occupying  the  in- 
terval between  the  tibia  and  femur,  projects  very  little. 
Dm'ing  extension  of  the  joint,  as  the  tibia  comes  more  into  a 
level  with  the  fore  part  of  the  femur,  and  as  the  leverage  afforded 
by  the  latter,  accordingly,  diminishes,  the  patella  mounts  upon  the 
prominent  surface  of  the  condyles,  stands  out  more  strongly  in 
relief  in  its  whole  length,  and  keeps  the  quadriceps  at  a  distance 
from  the  centre  of  motion.  In  the  last  stage  of  extension,  when 
the  flat  under  sm'face  of  the  femur  slides,  without  much  resistance, 
into  its  position  upon  the  surface  of  the  tibia,  and  when,  therefore, 
much  muscular  power  is  not  required  to  complete  the  movement, 
the  patella  again  occupies  a  less  prominent  position,  for  it  lies  upon 
the  uppermost,  slightly  retiring,  part  of  the  condyles,  and  upon  the 
still  more  retiring  anterior  surface  of  the  femur,  just  above  the 
condyles. 

in  the  flexed  The  patella  must,  therefore,  be  considered  with  re- 

^^^'  ference  to  each  of  these  three  positions  of  the  joint.     In 

the  most  flexed  position  (fig.  3),  only  the  upper  third,  or  fourth, 
of  its  cartilaginous  surface  lies  upon  the  condyles  of  the  femur ; 
and  the  lower  two-thirds,  or  three-fourths,  rest  upon  the  large  mass 
of  fat  (/)  which  occupies  the  triangular  interval  between  the  patella, 
the  femm-,  and  the  tibia.  Accordingly,  when  the  knee  is  bent,  the 
lower  part  of  the  patella  can  be  made  to  recede  upon  pressure;  and 
it  resumes  its  position,  when  the  pressm-e  is  removed,  proving  that 
it  is  supported,  not  by  bone,  but  by  the  elastic  pad  of  fat  just 
mentioned. 

durin-' exten-  ^^   cxtcnsion   takcs  placc,  more  of  the  patella   is 

sion;  gradually  drawn  upon  the  front  of  the  condyles ;  and,  be- 

fore the  limb  is  quite  straight,  the  whole  sm'face  of  the  patella  passes 
over  this  part.  At  the  intermediate  point  between  the  straight  and 
the  most  bent  positions  (fig.  2),  the  greater  part  of  its  surface  is  in 
contact  with  the  condyles.  The  whole  of  its  middle  third,  at  any 
rate,  has  become  so.  The  patella  rests  now  upon  the  most  prominent 
portion  of  the  condyles,  affords  a  greater  advantage  of  leverage  to  the 
quadriceps  than  in  any  other  position  of  the  knee,  and  is  subjected 
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to  a  severe  strain  from  the  pull  of  this  powerful  muscle.  It  is,  ac- 
cordingly, when  in  or  near  this  position  that  it  is  most  frequently 
snapped  by  the  sudden  forcible  contraction  of  the  muscle;  and  in 
that  accident  the  lower  portion  of  the  bone  is  usually  broken  off  from 
the  rest — or,  to  speak  more  strictly,  the  part  above  this  is  broken 
off  from  it.  Hence  the  line  of  fracture  of  the  patella  is  commonly 
transverse,  and  is  situated  at  about  the  junction  of  the  lower  with 
the  upper  two-thirds  of  the  bone,  or  a  little  below  the  middle.  The 
articular  surface  of  the  dried  patella  is  often  concave  at  this  part; 
but,  in  the  recent  state,  the  concavity  is,  in  great  measure,  filled 
up  by  the  cartilage,  which  is  thicker  here  than  elsewhere, 
in  the  extended  ^^^  *^®  third  position — that  of  the  fully  extended 
state.  knee  (fig.  1) — the  patella  is  drawn  up,  so  that  only  the 

lower  third  or  fourth,  or  even  less,  of  its  articular  surface  rests 
upon  the  articular  surface  of  the  condyles  ;  and  the  upper  two-thirds, 
or  three-fourths,  lie  upon  the  bed  of  fat  which  covers  the  lower 
and  fore  part  of  the  shaft  of  the  femur. 

In  some  patellas  (PI.  XL.  fig.  1)  three  facets  may  be 
on  articular  obscrvcd  upou  the  articular  surface,  denoting  the  parts 
surface  of  wliich  are  respectively  in  contact  with  the  condyles  in 
these  three  positions.  There  is  the  concave  middle  facet 
[D)  which  occupies  two-thirds  of  the  surface,  and  which  lies  upon 
the  prominent  convex  portion  of  the  condyles  in  the  mid-position  of 
the  joint.  This  is  separated  by  slight  transverse  ridges,  above 
and  below,  from  the  narrow  flat  facets  {E  and  F)  which  respectively 
lie  upon  the  condyles  in  the  extended  and  flexed  positions. 


DESCEIPTION  OF  PLATE  XXXIX. 

Patella  in  three  jtositions  of  Knee. 

Fig.  I.  Right-knee  joint  viewed  from  outer  side  in  the  extended  position.  A,  fe- 
mur. B,  tibia.  C,  fibula.  D,  section  of  patella.  E,  Rectus  tendon.  F,  fat  behind 
rectus  tendon.  G,  layer  of  fat  upon  front  of  femur.  H,  tendo  patellas.  /,  mass  of 
fat  behind  tendo  patellee.  K,  external  lateral  ligament.  L,  external  semilunar  carti- 
lage.    M,  tendon  of  poplitseus. 

Fig.  2.     The  same  partially  bent.     The  letters  as  in  Fig.  i. 

Fig.  3.     The  same  fully  bent.     The  letters  as  in  Fig.  i. 
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In  tlie   froQ-  tliere   is   no   patella ;    but  its  place,  as  an 

SubsUtute  in  .  °  .  '  \  ^ 

frog  and  other  assistant  to  tlie  qnadi'iceps  muscle,  is,  in  some  measure,  sup- 
plied by  tlie  tendon  of  the  tibialis  anticus,  which,  arising 
from  the  forepart  of  the  condyle  of  the  femur,  and  lying  beneath  the 
tendon  of  the  quadriceps,  serves  to  distance  the  latter  from  the  centre  of 
motion.  In  some  other  animals,  as  the  kangai'oo  and  ostrich,  where  the 
patella  is  absent,  the  loss  is  compensated  for  by  the  greater  prominence 
of  the  tubercle  of  the  tibia. 

Owing  to  tlie  iiicliuation  inwards  of  the  shaft  of  the 
chiefly  upon  femuT,  and  the  great  strength  of  the  vastus  externus, 
outer  condyle     ^|^g  contractlle  powcr  of  the  muscular  fibres  which  pass, 

ot  femur.  J-  '^         ' 

from  without  inwards,  to  tlie  patella  exceeds  the  force  of 
those  which  are  directed  upon  it  from  the  inner  side.  Tliere  is, 
consequently,  a  more  forcible  traction  exerted  upon  it  in  an  outward, 
than  in  an  inward,  direction;  and,  to  resist  the  tendency  of  the  bone 
to  pass  outwards  by  reason  of  this  superior  force,  and  to  afford  a 
better  fulcrum  for  the  action  of  the  extensor  muscles,  the  outer 
condyle  of  the  femur  presents  a  larger  articular  surface  for  the 
patella  than  does  the  inner  condyle,  and  the  outer  edge  of  the  former 
(PI.  XXXVIII.  fig.  6,  C)  is  advanced  further  forward,  than  is  the 
inner  edge  of  the  latter  ^ 

Dislocation-  ^^^   spite  of  this   provision,   however,   when   dislocation 

from  disease ;  takes  place  in  consequence  of  muscular  contraction,  which 
it  does  in  some  diseased  conditions,  the  bone  is  invariably  drawn  on  to 
the  outer  side  of  the  joint.  It  has  been  known  to  be  drawn  so  far 
hackvjards  in  this  direction  that,  passing  behind  the  centre  of  motion  of 
the  knee,  when  the  joint  was  bent,  it  has  caused  the  quadriceps  to  act 
as  a  flexor  of  the  leg  upon  the  thigh  ^. 

Also  when   dislocation   takes    place    from    an    accident, 

from  accident.  ,  .  ,    .  ,,  ,  ,  ,,  ,    n      •  i      i   • 

which  IS  usually  a  blow,  the  pateJla  is  commonly  driven  on  to 
the  outer  side  of  the  joint,  because,  lying  principally  upon  the  outer 


^  The  prominence  of  the  outer  condyle  in  front,  and  of  the  inner  condyle  behind, 
have  reference,  not  only  to  the  inclination  of  the  thigh  inwards,  but  also  to  the 
slightly  oblique  plane,  in  which  the  leg  is  moved,  in  flexion  and  extension,  upon  the 
thigh.     (See  description  of  the  knee-joint.) 

2  Robert,  Vices  de  Conformation.     Brit,  and  For.  Med.  Rev.  July,  1S52. 
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condyle,  it  is  more  easily  forced  in  this  direction.  Moreover,  wlien  it  Las 
once  passed  over  the  edge  of  the  outer  condyle  it  is  less  likely  to  be 
replaced,  than  if  it  had  gone  in  the  opposite  direction,  both  in  conse- 
quence of  the  greater  prominence  of  this  condyle,  and  of  the  preponde- 
rating force  of  the  vastus  externus  as  compared  with  that  of  the  vastus 
internus. 

The  articular  surface  of  the  patella  is  divided  by  a 
articular  facet  longitudinal  I'idge  into  two  unequal  facets,  of  which  the 
peculiar  to  outer  and  larger  is  adapted  to  the  outer  condyle  of  the 
femur ;  the  inner  and  smaller  rests  upon  the  inner  con- 
dyle ;  and  the  ridge  between  them  is  fitted  to  the  furrow  between 
the  condyles.  This  preponderance  in  size  of  the  outer  articular 
facet  is  peculiar  to  man.  It  is  associated  with  the  prominence  of 
the  fore  part  of  the  external  condyle,  which  has  relation,  as  just 
said,  to  the  inclination  inwards  of  the  human  thigh-bone  as  it  de- 
scends, and  also  to  a  slight  twist  in  the  shaft  of  the  femur,  which 
throws  the  outer  condyle  a  little  forwards. 

In  Quadrumana  the  thigh  is  nearly  vertical,  the  trochlea  is  in 
the  middle,  between  the  two  condyles,  and  the  articular  surface  of 
the  patella  is  divided  into  two  equal  portions  by  the  ridge  which  occu- 
pies the  trochlea. 

In  most  animals,  below  quadrumana,  the  thigh-bone  is  inclined 
outwards,  away  from  the  trunk,  and  the  twist  in  the  shaft  is  in  a  direc- 
tion opposite  to  that  in  the  human  femur;  the  inner  condyle  is,  conse- 
quently, thrown  more  forward,  is  more  prominent  than  the  outer,  and 
has  to  bear  the  chief  stress  of  the  pull  of  the  extensor  muscle.  The 
patella  is  shaped  in  a  corresponding  manner  in  these  animals,  its  inner 
articular  facet  being  larger  than  the  outer.  By  the  mere  observation, 
therefore,  of  the  relative  size  of  its  articular  facets,  the  human  patella 
may  be  distingmished  from  that  of  any  other  animal. 

The  patella   corresponds   with   the   other  sesamoid 

Patella  resem-      ^  .,.  t,i  t         ,      n  i  •  r^ 

bies  sesamoid  boucs  111  being  composcd  throughout  01  nearly  unirorm, 
bones  m  struc-    (jg^gg     cancellated    structure.      Hence    it   is   of   g-reat 

ture.  '  o 

strength,  which  is  necessary  to  withstand  the  power- 
ful contraction  of  the  quadriceps.  That  it  has  no  greater  strength 
than  is  needed,  is  proved  by  the  fact  that  it  is  not  unfrequently 
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snapped  by  the  sudden  pull  of  tlie  muscle;  it  more  frequently 
gives  way  than  either  of  the  tendons  by  which  it  is  connected  with 
the  muscle  and  with  the  tibia. 

It  is  formed  of  cartilao'e  in  the  third  month  of  foetal 

Development.        .  ..... 

life;  and  it  remains  cartilaginous  till  the  second  or  third 
year  after  birth,  when  an  osseous  nucleus  appears  near  the  middle, 
beneath  the  spot,  on  its  anterior  surface,  where  several  foramina  for 
vessels  may  be  usually  seen.  The  nucleus  soon  acquires  a  knotty 
or  tuberculated  outline,  which  is  quite  different  from  that  of  ordi- 
nary bones,  being  a  peculiarity  of  the  sesamoid  bones.  Ossification 
is  complete  about  the  time  of  puberty.  The  patella  attains  to 
greater  proportionate  size  in  man  than  in  the  ape,  and  in  the  Eu- 
ropean than  in  the  Negro.     It  is  usually  small  in  rickety  persons. 

Its   relation   is    evidently   rather    with    the    quadriceps 

Its  homologue. 

extensor  muscle  than  with  any  particular  bone;  and,  in 
deciding  its  correspondence  with  any  bone,  or  bony  process,  in  the  upper 
extremity,  we  must  be  guided  chiefly  by  the  connection  of  such  bone  or 
process  Avith  the  muscle  in  the  arm  which  corresponds  most  nearly  with 
the  quadriceps.  The  triceps  extensor  of  the  forearm,  in  function  and 
attachments,  answers  in  many  respects,  in  more  respects  than  any  other 
muscle,  to  the  quadriceps  extensor  of  the  leg,  and  may,  I  think,  fairly 
be  regarded  as  its  correspondent.  As  this  muscle  has  no  sesamoid,  there 
is  no  distinct  homologue  of  the  patella  in  the  upper  limb,  and  the  only 
part  wliich,  it  seems  to  me,  can  fairly  be  cousidered  as  presenting  a 
claim  to  be  compared  with  it  is  the  olecranon  process  of  the  ulna,  into 
which  the  triceps  tendon  is  implanted. 


THE  TIBIA     (Plate  XL.) 
is  about  14i  inches  in  lens'th.      The   shaft    gradually 

ThenaiTow  .  .  °  . 

and  weak  decrcascs  in  size  from  the  upper  end  to  about  4  inches 
^°"^''  above  the  ankle,  and  then  expands  again  a  little;  and 

a  cursory  glance  at  the  skeleton  indicates  tliat  this  narrowest  part 
of  the  tibia  has  to  bear  a  greater  weight  upon  a  smaller  area  than 
any  other  bone.  The  section  shews  the  wall  of  the  shaft  to  be 
rather  thick  here ;  but  experience  tells  us  that  this  does  not  quite 

31—2 
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make  amends  for  the  smallness  of  the  calibre  of  the  bone,  and  that 
the  tibia  constitutes  no  exception  to  the  rule  that  the  several  bones 
are,  in  the  adult  at  any  rate,  weakest  where  thej  are  smallest. 

Liable  to  The  lower  third  of  the  leg,  indeed,  is  more  often  broken 

fracture  and  ^     ,         .    ^     . 

disease.  than  any  other  part  of  the  inferior  extremity.      When  a 

man  falls  from  a  height  on  one  or  both  feet,  fracture,  if  it  occur,  takes 
place  most  frequently  in  this  situation.  The  first  evidence  of  rickets  is 
generally  afforded  by  an  increase  of  the  bend  in  the  lower  part  of  the 
tibia;  and  that  the  bone  is  here  vitally,  as  well  as  physically,  weak 
is  proved  by  its  being  more  often  the  seat  of  inflammation^  with 
the  various  sequences — sclerosis,   node,   ulceration  and  necrosis — than 


DESCEIPTION   OF   PLATE  XL. 

Fig.  I.  Vertical  section,  from  before  backwards,  through  patella.  A,  upper  edge 
where  rectus  tendon  is  attached.  B,  lower  edge  where  tendo  patellce  is  attached. 
G,  anterior  surface ;  the  cancelli  immediately  beneath  it  lie  parallel  with  it.  D,  E,  F, 
middle,  upper  and  lower  portions  of  articular  surface.  The  cancelli  radiate  from  this 
sm-face  towards  the  other  parts  of  the  bone. 

Fig.  2,  Vertical  section  from  before  backwards  through  tibia.  A,  crest.  B, 
posterior  wall.  O,  spine.  D,  space  in  front  of  spine  ;  E,  ditto  behind  spine.  F,  F, 
line  of  union  of  upper  epiphysis.  G,  G,  ditto  of  lower  epiphysis.  H,  tubercle.  /, 
point  of  insertion  of  tendo  patellse. 

Fig.  3.  Vertical  section  through  fibula.  A,  upper  articular  surface.  B,  lower 
ditto,  with  cancelli  radiating  from  it.  C,  projecting  upper  extremity  to  which  external 
lateral  ligament  is  attached.  D,  outer  malleolus ;  the  cancelli  are  here  parallel  with 
surface. 

Fig.  4.  Tibia  and  fibula  at  birth,  viewed  from  inner  side,  shewing  the  curve  of 
tibia  near  upper  end. 

Fig.  5.  Horizontal  section  through  tibia  and  fibula  near  the  middle  of  leg,  shew- 
ing the  relative  position  of  the  two  bones,  &c.     A,  crest  of  tibia.    B,  posterior  wall. 

C,  ridge  for  interosseous  membrane.  D,  edge  on  fibula  for  attachment  of  extensor 
longus  digitorum.  E,  hollow  on  outer  side  of  fibula  for  peronei.  F,  ridge  for  inter- 
osseous membrane. 

Fig.  6.     Horizontal  section  through  tibia  and  fibula  at  nan'owest  part.     A,  B,  C, 

D,  E,  the  same  as  in  jireceding. 

Fig.  7.  Horizontal  section  through  tibia  and  fibula  a  little  above  lower  articular 
surface  of  tibia.     A,  anterior  sui'face.     B,  posterior  surface. 

Fig.  8.  Vertical  section,  from  side  to  side,  through  upper  end  of  tibia.  C,  inner 
tubercle  of  spine.  C",  outer  ditto.  F,  F,  line  of  union  of  epiphysis.  K  and  L,  inner 
and  outer  articular  surfaces,  with  dense  bone  beneath  them  and  bony  plates  descending 
vertically  to  the  inner  and  outer  walls  of  shaft ;  whereas  beneath  the  spine,  where  no 
weight  is  borne,  the  cancelli  are  fine  and  irregularly  disjiosed. 


Ph>t^  :sL . 


Fu/.  2. 


Fi^./. 


Ff«    3. 


Flrj.  7. 
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any  other  part  of  the  skeleton.  It  would  seem,  too,  as  if  tlie  adja- 
cent soft  pai-ts  partook  of  this  infirmity;  for  varix  of  the  subcutane- 
ous veins,  and  of  the  small  cutaneous  vessels,  purpuroiis  spots,  ery- 
thema, and  ulcers  are  far  more  common  in  this  region  than  elsewhere. 

We  naturally  enquire  what  are  the  advantages  gained 

Advantages  of  _  _  ci        o 

smaU  size  of  by  this  economy  of  size,  to  compensate  for  the  disadvantages 
eg  a  ub  pai  .  ^j^^]^  j^  entails.  In  the  first  place,  it  is  essential  to  activity 
that  the  components  of  the  extremities  should,  as  much  as  possible, 
decrease  in  size  as  they  become  more  distant  from  the  centre,  inasmuch 
as  the  area  through  which  they  must  be  moved  increases  in  like  propor- 
tion with  the  distance  from  the  centre  of  motion,  and  much  bulk  and 
weight  would  be  an  impediment  to  quickness  of  movement.  Accord- 
ingly, although  the  foot  is  spread  out  to  aflbrd  a  basis  of  support  upon 
the  groimd,  the  bones  of  the  lower  limb  diminish  in  size  as  they  ap- 
proach the  ankle;  the  slight  exception  afibrded  by  the  enlargement  of 
the  lower  ends  of  the  tibia  and  fibula  being  requisite  to  give  greater 
security  to  the  ankle-joint.  In  like  mannei',  the  bones  of  the  forearm 
decrease  in  size  as  they  descend,  till  near  the  wrist-joint,  when  they 
again  expand  a  little.  Secondly,  the  contraction  of  the  leg  above  the 
ankle  gives  greater  space  for  the  play  of  the  opposite  foot,  when  it  is 
carried  forward  in  walking  and  running,  and  prevents  the  one  limb 
being  caught  and  injured  by  the  other. 

No  muscles  ^^  admit  of  the  small  size  of  the  bones  at  this  part  few 

attached  here.  Qy.  j^q  muscular  fibres  take  their  origin,  and  no  tendons  are 
implanted,  here.  The  various  tendons,  to  which  the  muscular  fibres 
have  converged,  are  reduced  to  the  smallest  dimensions  compatible 
with  the  requii'ed  strength ;  they  lie  close  to  the  bones,  being  connected 
^^•ith  them  by  loose  areolar  tissue  or  synovial  sheaths,  and  are  bound  in 
their  places  by  strong  bands  of  fasciae. 

Sides  of  the  -^^  ^^^^  poiiit  to  wliicli  I  have  been  referring,  tlie 

shaft.  tibia  is   nearly  cylindrical.      Above   this   the  shaft  is 

distinctly  three-sided.  Of  these  sides  the  inner,  or  broadest, 
forms  the  shin,  and  is  covered  only  by  skin  and  subcutaneous 
tissue.  The  fascial  investment  of  the  rest  of  the  limb  is  con- 
nected with  the  anterior  and  posterior  edges  of  the  tibia,  and 
does  not  extend  upon  this  inner  side,  which  is,  accordingly,  a  good 
deal  exposed  to  injury,  and  occasionally  suffers  from  the  extension 
of  inflammation  from  the  skin.     I  have  called  it  the  inner  side; 
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but  it  is  really  inclined  so  as  to  look  forwards  and  inwards,  and, 
meeting  at  an  angle  the  strong  fascia  which  extends  to  its  anterior 
margin  from  the  fibula,  it  gives  to  the  fore  part  of  the  leg  a 
shape  favourable  for  making  its  way  through  the  air  and  water, 
or  through  long  grass,  underwood,  heath,  &c.  The  hinder  and 
the  outer  sides  of  the  tibia  present  nothing  remarkable.  They 
are  smooth,  giving  origin  only  to  muscular  fibres,  except  in  the 
popliteal  line,  where  the  bone  is  rough  for  the  attachment  of  the 
tendinous  fibres  of  the  popliteal  muscle  and  fascia. 

A  little  below  the  popliteal  line,    in  the  posterior 

Canal  for  me-  ■■■     •■  '  ■■■ 

duUary  artery;  aspcct  of  the  shaft,  is  the  large  opening  of  the  canal  for 
the  medullary  artery,  slanted  downwards,  and  directed, 
as  usual,  towards  the  epiphysis  first  united,  and  towards  that  part 
of  the  shaft  which  is  smallest  and  hardest,  and  which  contains  the 
medullary  canal  in  its  most  developed  state.  The  reason  that  this 
orifice  and  the  vessel  it  transmits  are  so  large,  in  comparison  with 
those  of  other  bones,  is,  not  that  the  medullary  canal  is  larger  than 
in  other  bones,  for  that  of  the  femur  is  both  wider  and  longer,  but 
because  the  contents  of  the  medullary  canal,  and  of  the  cancellated 
tissue  for  some  distance  below,  are  almost  entirely  dependent  upon 
this  artery  for  their  supply  of  blood.  They  are  so,  to  a  greater 
degree  than  corresponding  parts  in  other  bones,  forasmuch  as  the 
wall  of  the  shaft  of  the  tibia,  being  here  very  dense  to  enable  it  to 
bear  so  great  weight  upon  so  small  an  area,  can  transmit  very  few 
vessels  to  the  interior. 

Of  the  three  ridges  that  separate  the  three  sides  of 

The  ridges ; 

the  shaft,  the  anterior,  called  the  Crest,  is  the  most  con- 
spicuous. It  contributes  greatly  to  the  strength  of  the  bone.  It  is 
serpentine,  being  curved  outwards  in  its  lower,  and  inwards  in  its 
upper,  part ;  and  the  flexures  in  the  slighter  cases  of  rickets  are 
usually  exaggerations  of  these  curves  in  the  crest.  In  the  more 
severe  cases  of  rickets,  where  the  effects  of  the  malady  are  evinced 
at  an  earlier  period,  there  is  often  only  one  flexure ;  and  this  is 
an  exaggeration  of  the  forward  curve  which  is  presented  by  the 
bone  between  its  two  extremities,  and  which  is  most  marked  near 
the  upper  end.  In  the  lower  third  of  the  shaft  the  anterior  surface 
of  the  bone  is  flattened,  and  the  crest  disappears.     At  the  upper 
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part  the  crest  is  connected  chiefly  with  the  outer  condyle  of  the 
liead  of  the  tibia.  It  is  partly  interrupted  by  the  tuber  tibise ;  the 
arrangement  is  such  that  the  pull  of  the  great  extensor  muscle 
is  made  directly  upon  this  strong  anterior  part  of  the  tibia. 

The  inner  ridge  may  be  traced,  below,  to  the  hinder  part  of  the 
malleolus ;  above,  it  is  lost  in  the  inner  side  of  the  head  of  the 
tibia.  The  outer  ridge  is  most  distinct  in  the  middle  part  of  the 
shaft,  and  gives  attachment  to  the  fibres  of  the  interosseous  mem- 
brane. It  is  continued,  above,  into  the  outer  part  of  the  head  of 
the  tibia ;  and,  below,  it  is  directed  towards  the  concavity  for  the 
lodgement  of  tlie  fibula. 

their  di'!  ositiou  ^^  would  sccm,  therefore,  from  the  disposition  of 
with  reference    thcsc  ridgcs,  that  the  Weight,  received  from  the  outer 

to  the  transmis- 

sion  of  weight  coudyle  of  tlic  fcmur,  is  chiefly  transmitted  along  the 
'  outer  and  anterior  part  of  the  tibia,  while  that  from  the 
inner  condyle  is  chiefly  transmitted  along  the  inner  and  posterior 
part  of  the  bone.  This  construction  of  the  tibia,  and  this  disposi- 
tion of  the  weight  received  from  the  respective  condyles,  accord 
Avith  the  fact  that  a  slight  rotation  of  the  tibia  outwards  at  the 
knee  accompanies  the  extension  of  the  leg  upon  the  thigh  ^;  it 
being  evident  that  such  rotation  will  bring  the  outer  condyle  of  the 
femur  into  more  close  relation  with  the  anterior  surface  of  the  tibia, 
and  the  inner  condyle  into  more  close  relation  with  the  posterior 
sm-face. 

The  slight  obliquity,  from  above,  doivnwards  and 
outwards,  which  may  be  observed  in  the  direction  of 
the  rough  ridge  on  the  lower  part  of  the  tuber,  for  the  insertion  of 
the  tendo  patellge,  and  the  direction  of  the  little  processes  which 
create  the  roughness,  have  relation  also  to  this  rotation  which 
accompanies  extension  of  the  knee.  For  they  indicate  that  the 
fibres  of  the  tendon  descend  with  slight  obliquity  inwards  to  the 
tuber ;  and,  consequently,  that  the  traction,  made  upon  the  tuber 
by  the  quadriceps,  will  exert  some  influence  in  rotating  the  tibia 
outwards,  in  addition  to  the  greater  result  of  extending  it  upon 
the  femur. 

^  See  descriptioD  of  knee-joint,  p.  526. 


488  THE   LOWER   EXTREMITY. 

It  is  well  to  remark  liow  near  to  the  articular  surface 
Line  of  union     (al^out  half  an  inch  only  from  it)  is  the  faint  ridaje  encircling 

of  epiphysis.         ^  ./  /  a  a 

the  upper  end  of  the  bone,  which  indicates  the  line  of  union 
of  the  epiphysis  with  the  shaft.  Because  if,  in  a  young  person,  the  sec- 
tion be  made  below  this  line  in  the  operation  of  excision  of  the  knee, 
and  the  whole  of  the  epiphysis  with  a  portion  of  the  shaft  be  removed, 
the  stratum  of  cartilage,  by  means  of  which  the  shaft  is  increased  in 
length,  will  be  taken  away;  and  it  is  probable  that  the  subsequent 
growth  of  the  limb  will  be  impaired  (p.  44). 

The  upper  end  of  the  tibia  is  wider  behind  than  in 

Upper  end. 

front,  corresponding  with  the  shape  of  the  under  surface 
of  the  femur.  It  overhangs  the  shaft,  behind,  whereas,  in  front,  it 
is  rather  retiring ;  thus  creating  a  curve  at  the  junction  of  the  shaft 
with  the  head,  which  is  more  marked  in  the  foetal  (PI.  XL.  fig.  4)  and 
young  bone  than  in  the  adult  (fig.  2).  The  outer  condyle  projects 
in  an  especial  manner  over  the  fibula,  so  as  to  transmit  some  weight 
to  it ;  and,  for  the  same  purpose,  the  articular  facet  for  union  with 
the  fibula  is  almost  horizontal.  A  curved  line  runs  forwards  from 
this  facet,  and,  descending  on  the  outer  side  of  the  tuber,  joins  the 
crest ;  it  gives  attachment,  below,  to  the  fascia  of  the  leg  and  to 
the  uppermost  fibres  of  the  tibialis  anticus  and  the  extensor  longus 
digitorum ;  above,  it  gives  attachment  to  some  fibres  of  the  biceps 
tendon  near  the  fibula,  to  a  strong  process  of  the  fascia  lata  which 
descends  upon  the  outer  side  of  the  knee  from  the  tensor  vaginse 
femoris,  to  the  fibres  of  the  vastus  externus,  and  to  the  fascial 
investment  of  the  knee.  A  corresponding  curved  line,  ascending 
from  the  inner  side  of  the  tuber,  beneath  the  inner  articular  end, 
terminates  in  the  rough  ridge  for  the  insertion  of  part  of  the  semi- 
membranosus tendon;  it  gives  attachment  to  the  vastus  internus, 
and  to  the  fascial  covering  of  the  inner  side  of  the  knee.  It  is  less 
marked  than  the  outer  line.  Beneath  the  ridge  for  the  semi- 
membranosus is  a  rough  space  for  the  attachment  of  the  internal 
lateral  ligament,  and  above  it  is  a  groove,  lined  with  cartilage,  but 
not  communicating  with  the  joint.  This  groove  is  occupied  by  a 
part  of  the  semi-membranosus  in  the  flexed  position  of  the  joint ; 
and  the  portion  of  the  tendon  which  is  so  placed  runs  on  to  be 
inserted  into  the  bone  just  in  front  of  the  groove. 
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Interior  of  the  ^  sectloii  of  tlie  tibia  (fig,  2)  sliews  tlie  medullary 

bone.  cavity  to  be  well  formed  where  the  bone  is  smallest,  and 

where  the  wall  of  the  shaft  is  thickest ;  that  is.  rather  below  the 
middle.  It  shews  also  the  plates  of  the  cancelli  diverging  from 
the  inside  of  the  wall,  as  it  expands  and  becomes  thinner,  above  and 
below.  At  the  lower  part  they  run  perpendicularlj  to  the  articular 
surface ;  above,  they  do  the  same,  but  are  directed  in  greatest  num- 
bers towards  the  middle  of  each  articular  facet,  where  there  is  a 
thickish  stratum  of  dense  bone  intervening  between  them  and  the 
cartilage. 

Ossification  begins  in  the  middle  of  the  shaft  of  the 

Development.  .  [>    r'         ^    t  i^ 

tibia  at  about  the  50th  day  of  foetal  life,  and  quickly 
extends  upwards  and  downwards.  A  nucleus  for  the  upper  epi- 
physis (PI.  I.  p.  35)  appears  before  birth ;  the  tubercle  is  usually 
formed  by  a  prolongation  of  this,  but  now  and  then  has  a  separate 
centre.  The  nucleus  for  the  lower  epiphysis  appears  at  about  a 
year  after  birth ;  an  extension  of  it  forms  the  internal  malleolus 
(PI.  II.  p.  40) ;  it  is  united  with  the  shaft  about  the  18th  year. 
The  union  of  the  upper  epiphysis  with  the  shaft  does  not  take 
place  till  between  the  20th  and  24th  years.  The  cmwes  at  birth 
are  commonly  as  marked  as  at  subsequent  periods  ;  the  anterior  one 
near  the  upper  end  is  more  so. 


THE  FIBULA.     (Plate  XL.) 
The  hinder  part  of  the  outer  tuberosity  of  the  tibia 

Increased  siir-  ^  -■-  •' 

face  for  attach-  projccts  a  good  deal,  so  as  to  overhang  the  shaft;  and 
'  the  fibula,  which  is  articulated  with  this  part,  serves,  in 
some  measm^e,  as  a  prop  to  it ;  but  the  office  of  the  fibula  is  less  to 
carry  weight  than  to  widen  the  space  for  the  attachment  of  muscles 
and  to  give  security  to  the  ankle-joint.  Accordingly,  it  is  covered 
by  muscles,  except  at  the  lower  part,  which  is  left  exposed  in  con- 
sequence of  the  muscles  and  tendons  separating  to  pass,  some  in 
front  of,  and  others  behind,  the  ankle.  Its  value  as  a  means  of 
increasing  the  basis  for  attachment  of  muscles  must  not  be  esti- 
mated simply  by  the  external  area  of  the  bone  itself,  which  is 
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small ;  but  it  must  be  remembered  that  the  whole  space  between  it 
and  the  tibia  is,  through  its  means,  rendered  available  for  the  same 
purpose  by  the  aid  of  the  interosseous  membrane.  The  fibula  is 
firmly  bound  to  the  tibia  above  and  below ;  so  that  both  bones 
are  often  broken  together.  When  they  are  so,  the  fracture  in  the 
fibula  is  commonly  at  a  higher  point  than  that  in  the  tibia. 

It  has  one  chief  Curvature,  which  is  backwards :  in 

The  shaft.  .         ,.  .  ^  n  i  i   •    p  •        ^ 

an  opposite  du-ection,  theretore,  to  the  chiei  curve  m  the 
tibia.  This  causes  it  to  be,  in  a  considerable  part  of  its  extent, 
behind  the  level  of  the  tibia,  so  much  so  that,  in  the  middle  of  the 
leg,  its  anterior  edge  lies  in  a  plane  heliind  the  posterior  edge  of  the 
tibia  (figs.  5  and  6).  Hence,  unless  care  be  taken  in  the  flap 
amputation,  the  point  of  the  knife  is  very  likely  to  be  passed  be- 
tween the  two  bones,  which  causes  some  embarrassment  in  the 
operation.  The  lateral  curves  are  slight ;  the  chief  is  one,  in  the 
middle,  towards  the  tibia.  The  narrowest  part  of  the  bone  is 
nearly  on  a  level  with  that  of  the  tibia;  it  is  the  part  which  is 
usually  broken  when  the  ankle  is  dislocated.  The  shaft  is 
thicker  at  the  middle  than  at  either  end,  and  presents  projecting 
ridges  which  increase  the  surface  for  attachment  of  muscles.  The 
medullary  artery  pierces  the  hinder  surface  of  the  shaft  a  little 
above  the  middle,  and  slants  downwards  towards  the  narrowest 
part. 

Inconstancy  of  The  fibula  is  a  very  inconstant  bone  in  the  animal  series, 

tie     n  am       '^qi^q  relation  mav  be  observed  between  the  extent  of  its 

the  animal  ^ 

series.  development   and   that   of  the  ulna;    but  this  is   not   uni- 

form. In  Carnivorous  and  Pachydermatous  animals  it  extends  from 
the  end  of  the  tibia  to  the  ankle,  as  in  raan.  In  most  Rodents  it 
is  united  with  the  tibia  at  the  lower  part.  In  Ruminants  it  alto- 
gether disappears.  In  Birds  it  is  present,  its  upper  extremity  en- 
tering into  the  knee-joint,  and  being  articulated  with  the  outer  con- 
dyle of  the  femur.  In  this  class  of  animals  it  is  applied  close  against 
the  tibia,  like  the  ulna  in  Ruminants,  and  dwindles  and  disappears 
about  the  middle  of  the  leg.  In  Reptiles  it  is  of  large  size;  in  many 
extending  to  the  knee-joint  above  and  to  the  tarsus  below.  In  the 
Bat  the  lower  half  of  the  fibula  and  the  upper  half  of  the  ulna  are 
retained.  In  some  of  the  Monotremes  it  extends  up  in  front  of,  or 
beside,  the  knee-joint,  and  is  expanded,  like  the  olecranon  in  these  ani- 
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mals  and  in  tlie  Bat.  There  is  a  relation  between  its  presence  and 
absence,  and  tlie  presence  and  absence  of  tlie  outer  toes,  as  we  found  to 
be  the  case  between  the  ulna  and  the  outer  fingers  (p.  379);  but  it  is 
not  so  close  as  in  the  latter  instance.  For  example,  in  the  rhinoceros, 
wliich  has  only  3  toes  (the  outer  and  inner  being  wanting),  it  is  as  well 
developed  as  in  the  elephant  (which  has  5),  or  as  in  man;  and  in  Rumi- 
nants (which  have  2  toes)  it  is  wantiiig  altogether. 

The  ossification  of  the  shaft  begins  rather  later  than 

Development,      .  .    .  -p,  ,  .  .        . 

in  the  tibia.  Both  the  epiphyses  are  cartilaginous  at 
birth.  The  lower  one  is  longer  and  larger  than  the  upper,  and  is 
said  by  Beclard  to  be  ossified  before  it ;  the  nucleus  appearing, 
according  to  him,  in  tlie  2nd  year,  whereas  it  is  not  seen  in  the 
upper  epiphysis  till  a?.t.  4|-  years.  jSTevertheless,  contrary  to  the 
general  rule,  the  lower  epiphysis  is  joined  to  the  shaft  before  the 
upper;  the  former  union  taking  place  in  the  18th,  the  latter  in  the 
20th  year. 

Varieties  and  Although  SO  inconstant  in  the  various  classes  of  animals, 

diseases.  ^j-^g  fibula,  like  the  ulna,  is  rarely  absent  in  man'.     It  is  not 

very  frequently  the  seat  of  disease.  The  circumstance  of  its  being 
covered  by  muscles  in  great  part  of  its  extent,  and  its  having  no  move- 
ments independently  of  the  tibia,  cause  a  difiiculty  in  detecting  fractures 
of  this  bone.  Often  we  cannot  discover  any  crepitus,  and  are  obliged  to 
form  our  opinion  from  the  amount  of  resistance  which  it  offers  to  lateral 
pressm'e,  and  from  the  presence  or  absence  of  its  natural  elasticity. 

It  is  sometimes  united  to  the  tiljia  by  a  broad  plate  of  bone,  which 
may  be  congenital,  or  may  result  from  processes  shooting  from  both 
bones  and  coalescing  in  the  interosseous  space.  This  union  may  take 
place  at  any  part,  but  is  most  frequent  near  the  lower  ends  of  the  bones, 
and  acquires  some  interest  from  the  fact  that  in  Rodentia  and  Insecti- 
vora  the  tibia  and  fibula  are  joined  in  their  lower  parts.  In  rickets  the 
fibida  is,  not  unfi-equently,  widened,  and  bent  so  as  to  reach  the  tibia 
and  become  united  with  it. 


^  I  found  a  specimen  in  the  Mus^e  Dupuytren  in  wliicli  the  fibula  and  the  cuboid 
bone,  on  either  side,  were  absent.  There  were  only  four  toes  ;  and  the  outer  one  of 
these  (the  representative  of  the  ring  and  the  little  toes)  rested  upon  the  os  calcis,  which 
projected  forward  into  the  place  of  the  cuboid. 
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THE   FOOT. 

The  plantar  '^^®  ^^^^  ^^  placccT  at  I'lglit  angles  with  the  leg ;  and 

arch.  -j-ij^jg  disposition,  like  the  similar  relation  of  the  head  with 

the  spine,  occurs  in  scarcelj  any  animal  besides  man,  and  has  rela- 
tion to  his  erect  attitude.  It  is  constructed  to  hear  and  to  propel  the 
body ;  and  both  purposes  are  served  by  its  being  made  in  the  shape 
of  an  arch.  The  summit  of  the  arch  is  at  the  top  of  the  astragalus. 
The  hinder  limb  of  the  arch  is  formed  by  the  hinder  part  of  the 
astragalus  and  by  the  os  calcis ;  and  the  anterior  limb  is  formed  by 
the  other  tarsal  and  the  metatarsal  bones.  It  is  sometimes  said 
that  the  foot  is  a  tripod  in  consequence  of  there  being  a  transverse 
arch  in  the  metatarsus ;  and  that  two  of  the  limbs  of  the  tripod 
are  in  front,  and  are  formed  by  the  ends  of  the  metatarsal  bones  of 
the  great  toe  and  of  the  little  toe.  This,  however,  is  not  quite  cor- 
Foot  not  a  ^^^^ '  ^^^  whcu  the  foot  is  planted  upon  the  ground  it 
tripod.  rests,  in  front,  not  upon  the  balls  of  the  great  toe  and 

of  the  little  toe  alone,  but  upon  the  balls  of  all  the  toes,  upon  those 
of  the  middle  toes  as  much,  in  proportion  to  their  size,  as  upon 
the  others.  Indeed,  when  the  bearing  of  the  foot  is  correct,  the 
sole  of  the  shoe  becomes  worn  out  first  beneath  the  balls  of 
the  middle  toes,  shewing  that  the  weight  falls  here  rather  more 
than  at  the  sides. 

Advantages  The  two  pillars  of  the  arch  differ  from  one  another 

thfJhortneS  ^^^  many  respects.  In  the  first  place,  the  hinder  one 
and  solidity  of    ig  shorter  than  the  anterior,  in  the  proportion,  rouffhlv 

the  hinder  pil-  .  -^.-^  ^  io      J 

lar  of  the  arch,  spcaking,  of  about  three  inches  to  six,  that  is  to  say, 
it  is  not  above  half  as  long.  Its  descent  from  the  summit  of  the 
arch  to  the  ground  is,  consequently,  more  sudden,  and  the  leverage 
afforded  by  it  is  thereby  reduced  to  a  still  lower  proportion,  in 
comparison  with  that  which  is  afforded  by  the  anterior  pillar,  viz. 
to  about  the  proportion  of  1*5  to  4-2.  This  adjustment  of  the 
relation  of  parts  in  front  of  and  behind  the  astragalus  has  reference 
to  the  fact  that,  in  walking,  the  hinder,  or  heel  part,  of  the  arch 
is  raised  by  the  muscles  attached  to  it  through  the  medium  of 
the  tendo  achillis,  and  the  centre  of  gravity  of  the  body  is,  partly 
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by  this  means,  thrown  forwards  over  the  balls  of  the  toes.  Now 
the  poAver  required  to  eifect  this  movement  is  directly,  and  the 
celerity  with  Avhich  it  can  be  done  is  inversely,  proportionate  to 
the  length  of  leverage  which  the  hinder  part  of  the  foot  affords 
in  comparison  with  the  fore  part;  and,  in  accordance  with  the 
principle  usually  observed  in  the  construction  of  the  skeleton, 
power  is  sacrificed  to  celerity  by  the  shortening  of  the  heel.  This 
is  particularly  the  case  in  the  well-formed  foot  of  the  European. 

Not  only  is  the  hinder  pillar  of  the  arch  shorter  than  the 
anterior,  and  its  inclination  more  sudden :  but  it  is  composed  of 
only  one  bone — the  os  calcis — in  addition  to  the  hinder  part  of 
the  astragalus ;  whereas  the  anterior  part  of  the  arch  is  composed 
of  several  bones  carefully  jointed  together.  The  object  of  this 
construction  is  to  give  solidity  to  the  hinder  portion  upon  which 
the  elevator  muscles  act,  and  to  prevent  the  power  of  these  muscles 
being  unnecessarily  expended  by  any  movements  between  the 
point  of  their  attachment  and  the  ankle-joint.  Whereas  by  the 
numerous  joints  and  ligaments  in  the  fore  part  of  the  arch  elasti- 
city is  given  to  the  foot,  and  jars  are  prevented  both 
elasticity  and  ^^  ^lic  foot  itsclf,  and  in  tlic  rcst  of  the  body.  In  con- 
anterio°/*mar  foi'™-ity  witli  tliis  disposition  of  parts  we  usually,  in 
limning  and  jumping  from  a  height,  alight  on  the 
gTOund  upon  the  balls  of  the  toes,  and  the  weight  of  the  body  is 
directed  forwards,  from  the  leg,  towards  the  tarsus  and  the  toes. 
Moreover,  when,  as  in  walking  or  in  jumping  a  distance  along  the 
gTOund,  the  heel  first  comes  in  contact  with  the  ground,  the  weight 
is  directed  forwards  towards  the  balls  of  the  toes,  so  that  they 
quickly  reach  the  ground,  and  bear  the  greater  part  of  the  stress. 
If,  on  the  contrary,  it  happens  that,  in  descending  from  a  height, 
we  alight  upon  the  heels,  so  that  the  weight  comes  vertically  upon 
them,  an  micomfortable  jarring  sensation  is  apt  to  be  experienced 
throughout  the  frame,  of  a  kind  which  rarely  occm'S  when  the 
weight  is  received  in  the  ordinary  way  upon  the  balls  of  the  toes. 

The  width  of  the  anterior  pillar  contributes  to  this  same  result, 
p>ermitting  the  distribution  of  forces  over  a  wide  space,  and  so 
preventing  their  operating  with  great  severity  upon  any  one 
part.     It  increases  along  the  metatarsus  and  attains  its  maximum 
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at  the  balls  of  the  toes.  The  line  formed  by  these — that  is, 
by  tlie  distal  ends  of  the  metatarsal  bones — is  not  straight,  but 
curved,  in  consequence  of  the  end  of  the  second  metatarsal  bone 
projecting  a  little  beyond  the  level  of  the  others.  Nevertheless 
in  walking  they  all  touch  the  ground  nearly,  or  quite,  at  the  same 
time.  A  broad  basis  of  support  is  provided  by  this  expansion  of 
the  fore  part  of  the  foot,  and  firmness  is  given  to  the  step. 
Construction  The  foot  in  frout  of  the  ankle — that  is  to  say,  the 

of  the  anterior    j^j^^gj-JQy  pillar  of  the  arcli — consists  of  two  divisions;  an 

pillar  111  two  J-  ' 

divisions.  inner,  or  larger,  composed  of  the  neck  and  head  of  the 
astragalus,  the  scaphoid,  and  the  three  cuneiform  bones,  with  the 
three  inner  metatarsals  ;  and  an  outer,  or  smaller  division,  composed 
of  the  cuboid  with  the  outer  two  metatarsals.  It  may  be  observed 
that  the  broadest  part  of  the  upper  articular  surface  of  the  astragalus 
is  in  front  of  the  summit  of  the  plantar  arch,  so  that,  when  the 
foot  rests  flat  upon  the  ground,  the  chief  part  of  the  weight  is 
transmitted  from  the  tibia  forwards,  through  the  astragalus,  to  the 
scaphoid  and  the  inner  three  metatarsal  bones.  It  will  also  be 
seen  that  the  anterior  part  of  the  articular  surface  of  the  astragalus 
is  prolonged  further  on  its  inner  than  on  its  outer  side,  to  be 
adapted  to  the  prolonged  fore  part  of  the  articular  facet  on  the 
inner  side  of  the  internal  malleolus.  This  has  the  effect  of  directing 
a  considerable  portion  of  the  weight  along  the  inner  edge  of  the 
foot  upon  the  great  toe,  which  is  far  stronger  and  better  able  to 
bear  it  than  any  of  the  others.  The  outer  division  of  the  foot 
bears  less  weight,  and  acts  as  a  lateral  stay  to  the  inner.  The 
cuboid,  especially,  supports  the  side  of  the  outer  cuneiform  bone, 
just  where  it  has  a  tendency  to  bulge.  In  addition  to  this  the 
cuboid  receives  some  weight  from  the  os  calcis,  or  hinder  pillar 
of  the  arch,  and  transmits  it  forwards  through  the  outer  two  meta- 
tarsal bones. 

The  perfect  formation  of  the  inner  part  of  this  anterior 

Flat-foot. 

arch,  with  such  a  combination  of  length  with  elasticity 
and  strength  as  to  permit  the  weight  of  the  body  to  be  borne,  for  some 
time,  upon  it  in  standing,  and  to  be  carried  fully  and  steadily  over  it  in 
walking,  wo\ild  seem  to  us  to  constitute  one  of  the  greatest  difficulties 
in  the  construction  of  the  human  skeleton;  the  perfect  form  is  realized 
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only  in  the  liigliest  brandies  of  the  human  family.  Even  in  them,  par- 
ticularly in  those  members  of  them  who  are  ill-fed  or  over  weightecl,  or 
whose  feet  have  been  strained  or  cramped  during  growth  by  thick  heavy 
shoes,  the  form  is  often  defective ;  the  arch  yields  at  that,  which,  for 
various  reasons,  is  its  weakest  point,  viz.  at  the  joint  between  the  astra- 
galus and  the  navicular  bone,  the  person  becomes  "  flat-footed  j"  and 
the  efiects  of  the  imperfection  are  e^dnced  in  the  diminished  firm- 
ness of  the  tread,  and  in  the  consequent  ungainly  movements  of  the 
whole  body. 

In  the  Negro  the  heel,  or  hinder  limb  of  the  arch,  is 

Foot  in  Negro  . 

longer  than  ra  the  European,  the  fore  part  of  the  foot  is 
flatter  and  more  sprawling,  and  the  outer  edge  of  the  foot  is,  to  a  greater 
extent,  in  contact  with  the  ground. 

In  the  monkey  the  arch  is  still  more  defective,  and  the 

and  monkey.  .  -, .  . 

foot  is  more  sprawlmg;  it  rests  more  upon  its  outer  side,  and 
requii'es  more  aid  from  the  upper  extremities  in  the  sujoport  and  move- 
ment of  the  body. 

The  well-formed  foot  presents  other  arches  besides 

Secondaiy  •    r-       i 

arches  in  the  tlie  One  cliiei  plantar  arcli  which  we  have  been  con- 
sidering. It  is,  in  its  whole  length,  from  the  point  of 
the  heel  to  the  balls  of  the  toes,  cnrved  a  little  outwards ;  the 
inner  edge  being  concave,  and  the  outer  convex.  This  presents 
the  best  shape  for  receiving  the  weight  of  the  body,  which,  owing 
to  the  inclination  inwards  of  the  thigh  and  of  the  whole  extre- 
mity, and  to  the  inward  bend  of  the  lower  end  of  the  tibia, 
is  directed  upon  the  foot  obliquely  downwards  and  inioards.  It 
is,  in  like  manner,  in  accordance  with  the  oblique  direction  in 
which  the  weight  is  received,  that  the  inner  side  of  the  foot  is 
stronger  than  the  outer,  that  the  metatarsal  bone  of  the  pollex 
is  twice  as  strong  as  any  of  the  others,  and  that  the  arch  of  the 
instep  is  higher  on  the  inner  side  than  on  the  outer. 

The  foot  is  also  arched  transversely.    This  is  most 

transverse.  iii  i  -TnT  i> 

marked  about  the  middle,  between  the  junction  of  the 
internal  cuneiform  with  the  great  metatarsal  bone,  on  the  inner 
side,  and  the  junction  of  the  cuboid  with  the  small  metatarsal 
bone,  on  the  outer  side. 

The   arches,    besides   giving   strength  to   the  foot,  provide   a 
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hollow  in  the  sole  for  the  lodgement  of  the  muscles,  vessels,  and 
nerves.  They  owe  their  existence  to  the  shape  of  the  bones,  and 
particularly  to  the  configuration  of  the  articular  surfaces  of  the 
Ibones ;  and  they  are  maintained  by  the  jjowerful  ligaments  ^  and 
fascias,  which,  passing  between  the  several  bones,  bind  them  firmly 
together. 

The  uses  of  '^^^^  ^*^®^'  wliicli  are  so  much  smaller  and  weaker 

the  toes.  than  the  fingers,  do  not  add  much  to  the  strength  or 

elasticity  of  the  foot.  Their  ofiice  is  to  enlarge  the  area  of  the 
foot,  and  to  adapt  it  to  inequalities  of  surface,  enabling  it  to  cling 
to  the  ground,  to  prevent  slipping,  and  to  assist  in  climbing.  They 
also  afibrd  to  the  flexor  muscles  an  opportunity  to  give  a  last 
impulse  to  the  step,  before  the  foot  is  withdrawn  from  the  ground. 
They  are,  accordingly,  of  most  service  to  man  when  he  is  in  his 
primitive  state,  living  in  woods  and  on  unreclaimed  ground,  and 
engaged  in  contest  with  other  animals  for  subsistence.  The  small 
size  of  the  phalanges  of  the  toes  forms  a  characteristic  feature  of  the 
human  skeleton  as  compared  with  that  of  monkeys  and  most  of  the 
lower  animals.  They  are  smallest  in  the  higher  branches  of  the 
human  family.  They  are  the  only  parts  of  the  skeleton  which  can 
be  said  to  be  thrown  nearly  into  disuse  by  civilization ;  and  their 
services  can  be  spared  without  detriment  to  the  rest  of  the  frame. 
Also,  provided  they  are  not  galled  or  distorted  by  undue  or  un- 
equal pressure,  they  bear  their  confinement  well  and  are  seldom  the 
seat  of  disease. 

„,..,.      ,        The  human  foot  is  distinaruished  from  that  of  other  animals, 

Peculiarities  of  <=  ' 

human  foot  as    not  merely  by  the  I'elatively  small  size  of  its  phalanges ;  but 

distinguished         iiii-ii 

from  that  of  also  by  the  relatively  lai'ge  size  and.  strength  of  the  other 
quadruniana.  components,  and  by  the  firm  compact  manner  in  which  they 
are  bound  together  so  as  to  form  a  lai'ge  and  strong  basis  whereupon  the 
body  may  stand  securely.  The  importance  of  this  provision  can 
scarcely  be  over-estimated,   enabling  man  as  it  does  to   maintain  the 


^  Eor  a  description  of  these  ligaments,  of  the  shapes  of  the  articular  surfaces,  and 
the  movements  which  take  place  between  the  component  parts  of  the  foot,  see  descrip- 
tion of  the  joints  of  the  foot. 
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erect  posture,  and  leaving  tlie  upper  extremities  entirely  free  to  act  as 
agents  of  the  will.  In  tlie  animals  which  approach  nearest  to  man  the 
foot  differs  in  many  respects  from  the  human  foot,  and,  as  the  name 
(quadrumana)  giA^en  to  these  animals  implies,  resembles  the  hand.  It  is 
suited  more  for  prehension  and  less  for  support;  and,  therefore,  it  is 
unable  to  carry  the  body  steadily  without  the  help  of  the  hand.  The 
phalanges  and  metatarsal  bones  are  much  longer;  the  heel  and  the  other 
components  of  the  foot  are  smaller,  less  closely  adapted  to  one  another, 
and  less  firmly  bound  together;  and  the  arches  of  the  foot  are  conse- 
Cjuently  not  so  well  formed  as  in  man.  There  is,  moreover,  the  further 
striking  peculiarity  in  the  quadrumanous  foot,  that  the  poUex,  instead 
of  being  very  strong,  and  placed,  in  a  line  with  the  other  toes,  directly  in 
front  of  the  tarsus,  so  as  to  bear  great  part  of  the  weight  of  the  body, 
is  puny  and  weak,  and  is  directed  away  from  the  other  toes,  after  the 
manner  of  the  thumb.  In  consequence  of  this,  and  of  the  flatness  of  the 
sole,  the  animal  bears  chiefly  on  the  outer  edge  of  the  foot,  and  is 
obviously  not  fitted  for  the  erect  posture. 

The  foot  in  ^^  animals  below  Quadrumana  the  number  of  digits  in  the 

other  animals.  Joinder  limbs  diminishes,  as  a  general  rule,  jKiri  passu,  with 
those  in  the  anterior  extremities.  In  Carnivora  the  poUex  is  dwindled  or 
gone.  In  the  elephant  the  five  digits  exist,  behind,  as  in  fi-ont,  the  pollex 
being  small.  In  the  hippopotamus  the  latter  has  disappeared,  although  the 
internal  cuneiform  bone  remains,  and  is  elongated  so  as  to  extend  down, 
for  some  little  distance,  along  the  inner  side  of  the  adjacent  metacarpal 
bone.  In  the  rhinoceros  the  little  toe  has  disappeared,  as  well  as  the 
pollex,  leaving  the  middle  three  toes.  In  ruminants  the  number  of 
digits  is  reduced  to  two,  viz.  the  two  next  to  the  great  toe;  and  these 
are  borne  iipon  one  metatarsal  bone.  It  may  be  observed  as  a  fact  of 
some  interest,  in  connection  with  tliis  construction  of  the  ruminant's 
foot,  that  the  corresponding  digits  in  man  are  more  closely  united  than 
the  others,  the  skin  extending  up  rather  further  in  the  interval  between 
them  than  it  does  between  the  others;  these  two  are  also  more  often 
found  congenitally  united  together  than  any  of  the  others.  In  Solipeds 
there  remains  only  the  middle  digit,  which  is  developed  to  great  size. 
In  many  reptiles  there  is  the  full  complement  of  digits  in  the  posterioi-, 
as  well  as  in  the  anterior,  extremity. 

The  tarsus  is  divided  transversely  into  two  rows  of  bones.    The 
hinder  row  consists  of  the  astragalus,  os  calcis,  and  the  scaphoid  or 

32 
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navicular  bone ;  tlie  anterior  row  consists  of  tlie  tliree  cuneiform 
bones  and  the  cuboid. 


THE  ASTEAGALUS 
forms  the  summit  and  key-bone  of  the  plantar  arch,  and 

The  asti'agalus.     ..... 

IS  itself  m  tlie  form  of  an  arch.  The  uppermost  convex 
part  presents  a  broad  articular  surface  for  the  tibia ;  and  the  under 
part  is  hollowed  out  into  a  deep  groove  (PI.  XLI.  B) ,  directed,  from 
within,  outwards  and  forwards,  for  the  interosseous  ligament  which 
binds  the  astragalus  to  the  heel-bone.  Behind  this  groove  is  the  large 
articular  facet  for  the  os  calcis ;  in  front  of  it  is  the  smaller  facet  for 
the  same  bone,  continuous  with  that  for  the  scaphoid.  The  upper 
Avail  of  the  groove  is  the  most  compact  part  of  the  astragalus ;  it  is 
perforated  by  several  large  holes  for  vessels  which  correspond  with 
the  medullary  arteries  of  the  long  bones,  and  it  is  immediately  sur- 
mounted by  the  most  cancellous  part  of  the  astragalus,  which  cor- 
responds with  the  medullary  canals  of  the  long  bones.  The  line  of 
greatest  width  of  the  articular  surface  for  the  tibia,  where  the 
greatest  weight  is  received,  is  situated  nearly  over  this  groove,  or, 
rather,  crosses  it  diagonally.  Immediately  beneath  that  line  is  a 
dense  mass  of  cancelli ;  and  from  these  a  number  of  strong  laminas 
radiate  into  the  interior  of  the  bone,  and  are  directed  forwards, 
towards  the  upper  part  of  the  articular  surface  for  the  scaphoid 
bone,  and,  backwards  and  downwards,  towards  the  hinder  articu- 
lar surface  for  the  os  calcis.     It  is  evident,  therefore,  from  the 
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Vertical  section,  from  before  backwards,  through  bones  of  inner  side  of  foot  and 
great  toe,  shewing  their  shape  and  the  direction  of  their  cancelli.  A,  neck  of  astraga- 
lus. JB,  groove  for  interosseous  ligament.  C,  corresponding  groove  on  os  calcis. 
D,  point  of  attachment  of  plantar  fascia.  B,  ditto  of  tendo  achillis.  F,  projection  of 
bone  above  attachment  of  tendo  achillis.  G,  scaphoid  bone.  H,  internal  cuneiform 
bone.  H',  metatarsal  bone  of  great  toe.  7,  first  phalanx  of  great  toe.  K,  second 
phalanx  of  great  toe.  L,  projection  for  insertion  of  flexor  longus  pollicis.  M,  rough 
projection  for  attachment  of  fibrous  tissue  which  nins  to  skin  (PI.  LVII.  fig.  i,  B). 


JPlate  XLI. 
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structiu'e  displayed  by  a  section  of  the  astragalus,  that  the  weight 
of  the  leg  is  distributed,  chiefly,  in  these  two  directions,  viz.  for- 
wards, to  the  scaphoid,  and  backwards,  to  the  hinder  part  of  the 
OS  calcis,  and  that  but  little  weight  is  transmitted  towards  that 
under  and  fore  part  of  the  astragalus,  which,  resting  upon  the  an- 
terior facet  of  the  os  calcis,  upon  the  calcaneo-scaphoid  ligament, 
and  upon  the  tendon  of  the  tibialis  anticus,  is  comparatively  devoid 
of  firm  support. 

In  fi-ont  of  the  articular  surface  for  the  tibia  is  the 

Its  neck.  .  . 

nech  of  the  astragalus,  which  has  occasionally  been 
broken^,  though  that  is  a  very  rare  event.  The  concavity  on  the 
upper  siu-face  of  the  neck  lodges  a  little  cushion  of  fat,  which 
receives  the  anterior  edge  of  the  tibia  in  the  flexed  position  of  the 
joint,  and  which  prevents  the  direct  pressure  of  the  two  bones  upon 
one  another.  The  neck  is  inclined  a  little  inwards  from  the  middle 
of  the  astragalus,  so  as  to  render  the  bone  somewhat  concave  on 
the  inner  side.  This  inclination  is  more  marked,  and  the  neck  is 
longer,  in  the  foetus  and  in  the  monkey  than  in  the  adult  man. 

Occasionally  Though  the  astragakis  is  almost  buried  among  the  sur- 

cUsiocatecL  rounding  bones,  and  is  forcibly  bound  to  them  by  ligaments, 
nevertheless,  the  great  weight  and  the  severe  strains  to  which  it  is  sub- 
ject are  suificient,  noAv  and  then,  to  produce  more  or  less  complete  dislo- 
cation". 


THE   OS  CALCIS 

obuquepo-       ^^  ^^^  largest  bone  in  the  tarsus;  but  it  is  not  nearly  so 
sition.  dense  in  structure  as  the  astragalus.     It  is  of  large  size 

in  man  in  comparison  with  the  nearly  allied  quadrumana.     It  is 


^  Tranmctions  of  Pathological  Society,  i.  327. 

2  It  may  be  turned  with  its  under  surface  beneath  the  outer  malleolus,  and  may  be 
confined  there  by  the  peronei  tendons,  Trams,  of  Path.  Soc.  I.  145  ;  or  its  anterior 
surface  may  be  driven  upon  the  scaphoid^  lb.  I.  318,  or  upon  the  cuboid,  I.  109. 
Owing  to  the  difficulty  or  impossibility  of  reducing  the  dislocation,  amputation  of  the 
limb  has  been  resorted  to  in  some  instances,  and  excision  of  the  displaced  bone  in 
others.  In  one  case  of  dislocation  forwards  and  outwards,  within  my  knowledge, 
reduction  was  easily  effected  after  division  of  the  tendo  achillis. 

32—2 
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placed  obliquely,  slanting  from  the  ground,  upwards  and  forwards, 
so  as  to  receive  its  sliare  of  tlie  weight  from  the  astragalus,  by 
means  of  the  articular  facets  upon  the  anterior  part  of  its  upper 
surface,  and  to  transmit  it  to  the  ground,  through  the  hinder  ex- 
tremity of  its  lower  surface,  which  is  the  only  part  that  rests  upon 
the  ground.  It  is  also  placed  obliquely  in  another  direction,  inas- 
much as  it  slants,  from  the  ground,  outwards,  as  well  as  upwards 
and  forwards.  Moreover,  the  surface  by  which  it  is  applied  to  the 
ground  is  cut  rather  obliquely,  so  that  the  bone  rests  a  little  upon 
its  outer  edge.  The  oblique  position  of  the  os  calcis,  and  of  the 
basis  upon  which  it  rests,  would  cause  the  bone  to  be  overbalanced 
outwardly,  if  the  weight  were  transmitted  from  the  tibia  in  a  ver- 
tical line ;  but  this  very  obliquity  makes  the  bone  better  able  to 
receive  the  weight  which  comes  upon  it  in  an  oblique  line  from 
without  inwards. 

The  hinder  articular  facet  is  adjusted  to  support  the 

Articular  facets.  ,  .     ,  „     ,  ,  ,  .  ... 

hinder  part  of  the  astragalus,  and  to  receive  a  weight 
coming  in  the  line  I  have  mentioned ;  and  the  inner  articular  facet 
is  so  placed  as  to  prevent  any  tilting  of  the  bone  outwardly,  and  to 
support  the  head  of  the  astragalus. 

The  anterior  extremity  of  the  os  calcis  runs  forwards 

Gives  leverage  _  .         *' 

to  muscles  of  Oil  the  outcr  sldc  of  the  foot,  supports  the  cuboid,  and 
forms  a  sort  of  pivot  on  which  that  bone  revolves  in  the 
movement  between  the  first  and  second  rows  of  tarsal  bones.  The 
hinder  part  of  the  os  calcis  affords  attachment  and  leverage  to  the 
muscles  of  the  calf,  and  has  to  bear  their  pull  nearly  at  a  right 
angle ;  this  is,  perhaps,  a  greater  strain  than  is  Imposed  upon  any 
other  bone  In  the  body,  but  no  more  than  It  Is  well  able  to  withstand, 
for  It  very  rarely  gives  way.    The  tendo  acMllis  is  in- 

Point  of  attach-  ^     ''  "^    °  ''      . 

ment  of  tendo  scrtcd  luto  the  lowcr  part  of  Its  posterior  surface.  The 
bone  runs  up  vertically,  or  with  a  slight  Inclination 
backwards,  above  the  line  of  Insertion  of  the  tendon,  for  the  pur- 
pose of  giving  more  leverage  to  the  muscle ;  and  for  some  distance 
it  Is  separated  from  the  tendon  by  a  bursa.  The  part  to  which  the 
tendon  Is  attached  Is  on  a  line  with  the  ankle-joint  and  with  the 
middle  of  the  balls  of  the  toes;  and  the  effect  of  the  muscle  is 
simply  to  raise  the  heel  vertically. 
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If,  however,  tlie  point  of  tlie  lieel  be  inclined  a  little  to  eitlier  side 
by  twisting  of  the  foot,  the  muscle  will  increase  the  amount  of  the 
deviation,  at  the  same  time  that  it  raises  the  heel.  Hence  the  influ- 
ence of  the  calf-muscle  in  increasing  the  deformity  in  talipes  varus 
and  talipes  valgus,  as  well  as  in  talipes  equinusj  and  hence  the  neces- 
sity of  dividing  the  tendo  achillis  in  treating  the  worst  cases  of  either  of 
these  varieties  of  club-foot. 

Connection  Beneath  the  line  of  attachment  of  the  tendo  achillis 

\yithskin.  jg  ^^q  ^^^^  q£  ^^iq  OS  calcis  that  lests  upon  the  ground. 
This  is  widened  transversely  by  two  tuherchs;  of  which  the  inner, 
and  larger,  gives  attachment  to  the  middle  division  of  the  plantar 
fascia,  and  the  outer,  or  smaller,  gives  attachment  to  the  outer 
division  of  the  same.  From  the  under  part  of  this  portion  of  the 
bone,  between  the  attachment  of  the  plantar  fascia  (PI.  LVI. 
fig.  3,  D)  in  front,  and  the  tendo  achillis  behind,  several  bundles 
of  fibrous  tissue  {B)  pass  off,  which  traverse  and  interlace  with  the 
fibres  of  the  thick  tough  cushion  of  adipose  tissue,  that  intervenes 
between  the  heel-bone  and  the  skin,  and  are  lost  in  the  fibrous 
tissue  of  the  cutis.  The  chief  direction  of  these  fibrous  bundles  is, 
from  the  bone,  downwards  and  backwards,  to  the  skin,  so  as  to 
resist  the  tendency  of  the  former- to  ride  forwards  upon  the  latter 
when  the  foot  is  planted  on  the  ground. 

The  OS  calcis  is  compressed  at  the  sides,  more  particularly  on 
the  inner  side ;  this  gives  space  for  the  safe  conduct  of  the  vessels 
and  nerves  to  the  sole.  A  sesamoid  bone  is  sometimes  found  in 
the  tendon  of  the  joeroneus  longus  muscle,  where  it  runs  upon  and 
braces  the  outer  side  of  the  os  calcis. 

A  section  shews  that   the  hardest  part  of  the  os 

structure.  .  . 

calcis,  correspondmg  with  the  hardest  part  of  the  astra- 
galus, is  that  which  lies  beneath  the  groove  (PI.  XLI.  C)  between 
its  articular  sm-faces.  Under  this  hardest  part  the  structure  is 
more  cancellous  than  elsewhere;  indeed  there  is  often  quite  a  cavity 
there,  and  the  medulla  is  supplied  by  nutritious  arteries  passing 
through  the  adjacent  wall  of  the  bone.  The  hinder  articular  facet 
for  the  astralagus  is  underlaid  by  dense  tissue,  from  which  lines  of 
cancelli  radiate  backwards  and  downwards.     Near  the  hinder  and 
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under   siuface  they  are    crossed  by  cancelli,   which  are   disposed 
according  to  the  outline  of  the  Ibone. 


THE   SCAPHOID   BONE 

does  not  correspond  in  position  with  the  bone  of  the  same  name 
in  the  wrist,  inasmuch  as  it  is  not  articulated  with  the  tibia ;  it 
is  reduced  to  the  subordinate  office  of  connecting  the  inner  divi- 
sion of  the  foot  with  the  astragalus,  and  of  facilitating  the  move- 
ments of  the  former  upon  the  latter ;  and  it  is  the  only  intermediate 
bone  between  the  two  rows  of  the  tarsus.  In  the  monkey  it  is 
more  spread  out  and  extended  inwards  so  as  to  support  the  di- 
verging poUex.  A  vertical  section  made  from  before  backwards 
(PI.  XLI,  G)  shews  the  cancelli  in  its  upper  part  to  be  strong,  and 
well-marked,  and  directed  straight  forwards  between  the  two  arti- 
cular sm'faces.  The  inner  projecting  portion,  to  which  the  tibialis 
posticus  and  the  calcaneo-scaphoid  ligament  are  attached,  and  the 
lower  part,  which  extends  below  the  level  of  the  cuneiform  bones, 
bear  but  little  weight;  and  the  texture  of  these  parts  is  very 
spongy. 

THE   CUNEIFORM  AND   CUBOID   BONES. 

The  bones  forming  the  anterior  row  of  the  tarsus,  though 
only  four  in  number,  are  equivalent  to  five,  because  the  cuboid 
is  the  representative  of  two  bones,  which  are  distinct  in  some 
reptiles.  They  are  of  simple  shape ;  all  of  them  are  more  or 
less  wedge-like ;  and  they  form  a  transverse  arch.  The  internal 
cuneiform  and  the  cuboid  have  their  bases  turned  downwards  and 
inclined  a  little  towards  each  other,  while  the  other  two  cuneiform 
bones,  which  are  placed  between  them,  have  their  bases  in  the 
opposite  direction,  namely,  on  the  dorsum  of  the  foot.  The  weight 
of  the  body  is  transmitted,  from  the  scaphoid  and  the  os  calcis 
to  the  metatarsals,  chiefly,  through  the  upper  or  dorsal  parts  of 
these  several  bones.  Hence  their  upper  surfaces  are  on  the  same 
level  with  the  other  bones,  which  gives  an  evenness  to  the 
dorsum  of  the  foot;  whereas  their  plantar  surfaces  present  many 
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inequalities,  wliicli  serve  for  the  attachment  of  strong  ligaments, 
tendons,  &c.  For  the  same  reason  the  upper  parts  of  these  bones 
are  comparatively  dense,  and  are  composed  of  stout  cancelli,  which 
are  directed  from  behind  forwards,  "whereas  the  lower  parts  are 
composed  of  light  spongy  tissue. 

Their  proximal  ends  present  a  crooked  line  for  articulation 
with  the  metatarsal  bones,  in  consequence  of  the  internal  and 
external  cuneiform  advancing  further  than  the  other  two ;  this 
serves  to  prevent  lateral  displacement  of  the  metatarsus.  The 
internal  cuneiform  projects  further  than  any  other  of  the  row,  as 
if  to  make  amends  for  the  deficiency  in  number  and  length  of 
the  other  components  of  the  poUex.  It  is  interesting,  in  connec- 
tion with  this  point,  to  observe  that  in  some  animals,  where  the 
gTeat  toe  is,  in  a  still  greater  measure,  suppressed,  as  in  the 
elephant,  the  hippopotamus,  and  the  Cape  ant-eater,  the  internal 
cuneiform  extends  forwards,  for  a  considerable  distance,  alongside 
the  adjacent  metatarsal  bone. 


THE   METATARSAL   BONES 

all  slant  a  little  inwards,  as  well  as  downwards,  from  the  tarsus ; 
this  disposition  places  them  in  the  direction  most  favourable  to  re- 
ceive the  weight  of  the  body,  which  descends  upon  them  with 
slight  obliquity  inwards,  downwards,  and  forwards ;  and  it  con- 
tributes to  the  lateral  curve  of  the  foot.  To  prevent  an  undue 
amount  of  this  inclination  the  metatarsal  bone  of  the  little  toe 
is  applied  obliquely  against  the  outer  surface  of  the  cuboid ;  and 
its  proximal  extremity  is  prolonged  for  some  distance  behind 
the  articulation  A\dth  that  bone,  so  as  to  give  greater  leverage 
to  the  tendons  of  the  peronei  and  to  the  ligaments  which  serve 
to  maintain  it,  and  with  it  the  other  metatarsals,  in  their  proper 
position. 

The  shafts  are  convex  on  the  dorsal  sm-face;  and  each  is  pierced 
by  a  hole  for  the  medullary  artery,  near  the  middle,  on  the  outer 
side,  with  the  exception  of  that  of  the  little  toe,  in  -which  the  hole 
is  on  the  inner  side.     The  hole  slants,  in  accordance  with  the  rule 
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(p.  24),  towards  the  distal  end  of  the  metatarsal  bone  in  the  pollex 
and  towards  the  proximal  end  in  the  others.  In  the  former  the 
part  of  the  shaft  towards  which  it  is  directed  is,  as  usual,  the 
smallest  and  hardest  part,  and  the  medullary  canal  is  here  most 
developed ;  hut  in  the  other  metatarsal  bones  the  narrowest  and 
hardest  parts  of  the  shafts  are  in  the  opposite  direction  to  that  of 
the  foramina,  and  the  medullary  canals  are  as  much  developed 
towards  their  distal  as  towards  their  proximal  ends.  Their 
proximal  ends  are  wedge-like,  particularly  those  of  the  2nd  and 
3rd  toes,  corresponding  with  the  bones  upon  which  they  rest. 
The  distal  ends  resemble  those  of  the  metacarpal  bones ;  but  are 
rather  more  flattened  at  the  sides,  because  the  width  of  the  foot, 
at  this  part,  is  less  than  that  of  the  corresponding  part  of  the 
hand. 

The  great  size  of  the  metatarsal  bone  of  the  pollex  is  peculiar 
to  the  human  foot,  distinguishing  it  from  that  of  quadrumana,  and 
still  more  from  that  of  other  mammals  ;  for  in  the  descending  series 
it,  with  its  phalanges,  soon  diminishes  and  disappears.  Its  proximal 
extremity  is  prolonged  towards  the  sole,  and  is  inclined  a  little 
outwards,  to  give  attachment  to  the  tendon  of  the  peroneus  longusj 
this  tendon  is  a  powerful  brace  to  the  sole  of  the  foot,  and  com- 
bines with  the  tibialis  posticus,  which  is  attached  near  the  same 
point,  to  raise  the  ankle  in  walking. 

THE  PHALANGES, 

with  the  exception  of  those  of  the  pollex,  are  smaller  than  the 
phalanges  in  the  hand,  but  resemble  them  in  most  other  parti- 
culars. The  middle  phalanges  of  the  outer  three  toes  are  especially 
diminutive;  sometimes  they  are  reduced  to  the  size  and  shape  of 
a  pea,  and  occasionally  they  are  united  with  the  terminal  phalanges, 
so  as  to  form  one  bone,  resembling  the  ordinary  condition  of  the 
Chelonian  Reptiles.     Each  of  the  terminal  phalanges 

Ridges  for  j-  . 

flexor  and  ex-    prcscuts    ou   its  dorsal   aspect  a  prominent  transverse 

tensor  tendons.       .  ,  .  ,  •       ^         r  rrn  •        •  i 

ridge  surmountmg  the  articular  facet,  ihis  ridge  gives 
attachment  to  the  extensor  tendon,  and  serves  to  support  the  hinder 
edge  of  the  nail ;   it  is  prolonged,  on  either  side,  into  a  tubercle. 
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which  gives  attachment  to  the  lateral  ligament.  On  the  under 
sm'face  of  each  terminal  phalanx  is  a  rough  ridge,  with  which 
the  flexor  tendon  is  connected ;  and  the  distal  extremity  of  each 
Nodulated  ^^  swoUcu,  and  uodulatcd,  for  the  purpose  of  giving 
extremity.  attachment  to  a  number  of  fibrous  bands  which  pass, 
from  the  end  of  the  bone,  through  the  adipose  pulp  of  the  toes, 
towards  the  skin,  with  the  deeper  layers  of  which  they  are  inter- 
woven, so  as  to  bind  the  skin  to  the  phalanx.  They  may  be  well 
seen  in  the  great  toe  (PI.  LVII.  tig.  1 ,  -B) ;  the  principal  bundles 
run  from  the  phalanx  forwards  to  the  cutis,  and  serve  to  hold  the 
skin  and  the  bone  together  when  the  phalanx  is  pressed  upon 
the  ground  in  giving  the  last  impulse  to  the  step. 

The  nodulated  extremity  of  the  terminal  phalanx  of  the 

Exostosis.  •     T    1  1      i  i  -ii  •  1       • 

great  toe  is  liable  to  grow  out,  ou  either  sicie,  into  a  spongy 
exostosis,  "which,  pressing  up  the  nail,  causes  great  annoyance.  The 
exostosis  may  be  easily  cut  away  without  much  detriment  to  the 
phalanx. 

The  tarsal  bones  are  formed  in  cartilao-e  by  the  3rd 

Development  "        '' 

of  the  tarsal  moiith  of  foetal  life.  About  the  6th  month  an  osseous 
nucleus  appears  in  the  os  calcis,  beneath  the  groove  for 
the  interosseous  ligament,  at  the  part  where  the  bone  is  sub- 
sequently most  cancellous.  A  month  later  ossification  begins  in 
the  corresponding  part  of  the  astragalus,  that  is,  just  above  the 
interosseous  groove.  At  birth  these  nuclei  have  attained  consider- 
able size  (PI.  I.  fig.  4) ;  but,  at  this  time,  there  may  be  no  other 
point  of  ossification  in  the  tarsus.  Sometimes  there  is  a  nucleus  in 
the  cuboid^  at  birth ;  or  it  appears  soon  after  birth,  and  is  fol- 
lowed, in  about  a  year,  by  a  nucleus  in  the  scaphoid.  The  internal 
cuneiform  begins  to  ossify  in  the  1st  year;  and  the  other  two  cunei- 
form bones  begin  between  the  2nd  and  4th  years.  At  about  the  10th 
year  a  flat  epiphysial  nucleus  is  formed  in  the  hinder  part  of  the  os 
calcis,  and  becomes  united  to  it  in  the  20th  year.     The  os  calcis  is 


^  Meckel  (in  opposition  to  Albinus  and  other  anatomists)  says  a  nucleus  is  always 
present  in  the  cuboid  at  birth.  It  has  not  been  so  in  the  instances  that  I  have 
examined. 
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the  only  one  of  the  short  bones,  except  the  bodies  of  the  vertebrae, 
which  has  a  separate  epiphysis.     The  ossification  of  the 

Of  metatarsals.       i      n  c     -i  it  t        . 

shafts  of  the  metatarsal  bones  begins  as  soon  as  the 
3rd  month;  it  begins  in  their  epiphyses  (at  the  proximal  end  in 
the  great  toe  and  at  the  distal  ends  in  the  others)  during  the  2nd 
year.    The  epiphyses  unite  with  the  shafts  some  time  after  puberty. 

Ossification   begins  in  the  phalanges  in  the  3rd   and 

Of  phalanges.  ,  .      ^  .         , 

4th  months ;  is  nrst  seen  m  the  proximal  row,  then  in 
the  third  row,  and  in  the  second  row  latest.  It  is  said  to  take 
place  in  the  second  phalanx  of  the  great  toe  sooner  than  in  the 
first.  The  epiphyses  are  at  the  proximal  ends,  and  begin  to 
ossify  (according  to  Beclard)  in  the  4th  or  5th  year ;  they  are 
united  to  the  shafts  at  about  the  16tli  or  18th  year^ 


1  The  periods  of  the  commencement  of  ossification  are  stated  by  Beclard  as  follows : 
in  the  os  calcis  at  40  months;  astragalus  at  5^  months;  cuboid  a  month  after 
birth;  internal  cuneiform  i  year;  other  cuneiforms  in  the  4th  year;  scaphoid  in 
the  5th  year;  epiphysis  of  os  calcis  in  the  loth  year,  united  to  the  rest  of  the  bone 
in  the  i6th  year;  metatarsal  bones  a  few  days  later  than  the  metacarpals;  their 
epiphyses  are  united  somewhat  earlier ;  first  row  of  phalanges  after  the  50th  day  of 
foetal  life;  their  epiphyses  about  the  4th  year,  united  about  the  i8th;  second  row 
of  phalanges  in  the  middle  of  fcetal  life ;  their  epiphyses  about  the  6th  year,  united 
about  the  17th;  third  i-ow  of  phalanges  about  the  45th  day;  their  epiphyses  about 
the  5th  year,  united  about  the  ryth. 


i 
i 


THE  JOINTS  OF  THE  LOWEE  EXTREMITY. 


THE  HIP-JOINT  (Pl.  XLII.  to  XL VI.) 

is  the  most  complete  ball-and-socket  joint  in  the  body,  that  is  to 

say,  the  socket  encloses  the  ball  to  a  greater  extent  than  it  does  in 

any  other  joint.     It  admits  of  great  variety  of  move- 
Movements.  ,  .     ,  ,  ,   . 

ment;  the  articular  sm'taces  revolvmg  upon  one  another 

in  every  direction.  We  speak  of  flexion,  extension,  abduction, 
adduction,  rotation  inwards  and  outwards,  and  circumduction.  It 
is  to  be  remembered,  however,  that  the  movements  are  not  confined 
to  these,  but  take  place  in  every  intervening  direction.  Neverthe- 
less the  joint  is  so  invested  by  ligaments  as  to  be  very  strong  and 
capable  of  resisting  great  force;  and  the  ligaments  are  so  disposed, 
in  antagonism  to  the  several  muscles,  as  to  oppose  the  contraction 
of  each  set  after  a  certain  point,  and  to  render  this  ball-and-socket 
joint  one  of  the  most  steady,  as  well  as  one  of  the  most  secure,  in 
the  body. 

It  is  well  to  be  clear  respecting  the  coi'responding  movements  of  the 
thigh  upon  the  pelvis,  and  of  the  pelvis  upon  the  thigh.  Flexion  and 
extension  of  the  thigh  correspond  with  inclination  of  the  pelvis  for- 
wards and  backwards.  Abduction  and  adduction  of  the  thigh,  with  the 
joint  extended,  correspond  vsdth  inclination  of  the  opposite  side  of  the 
peMs  upwards  and  downwards;  in  the  flexed  position  of  the  hip,  with 
the  trunk  erect,  they  correspond  \vith  inclination  of  the  opposite  side 
of  the  pelvis  backwards  and  forwards.  Rotation  of  the  thigh  outwards 
and  inwards,  in  the  extended  position,  corresponds  with  the  rolling  of 
the  opposite  side  of  the  pelvis  backwards  and  forwards;  in  the  bent 
position,  they  correspond  with  the  inclination  of  the  opposite  side  of  the 
pel\T.s  downwards  and  upwards.  These  differences,  resulting  from  the 
fact  that   the  trunk  is  usually  maintained   erect,  though  the  thigh  be 


508  THE   JOINTS   OF   THE   LOWER   EXTREMITY. 

bent,  or  that,  in  our  descriptions,  we  usually  consider  it  to  be  so,  are  apt 
to  render  an  account  of  tlie  uses  of  the  several  ligaments  perplexing, 
tinless  attention  lias  been  previously  drawn  to  the  subject. 

Head  of  the  "^^^  licad  of  the  tliigli-lbone  is  three-fourths   of  a 

thigh-bone,  Sphere,  with  a  diameter  measuring  about  an  inch  and 
a  half.  It  is  a  segment  of  a  true  sphere;  except  that  just  around 
the  dimple  for  the  Ugamentum  teres  its  surface  bulges  a  little  more 
than  at  any  other  part  of  the  circumference,  as  represented  in 
PL  XLIII.  fig.  1.  This  prominence  corresponds  with  the  bottom 
of  the  cotyloid  cavity,  where  the  cartilage  is  deficient.  The  edge 
of  the  cartilaginous  surface  of  the  head  of  the  femur  does  not  pre- 
sent an  even  line  all  round,  but  is  prolonged  upon  the  neck,  at  the 
fore  part,  beneath  the  psoas  tendon,  and  behind,  beneath  the  short 
rotators  of  the  hip,  more  than  it  is  above  or  below. 

is  rarely  Being  inckided  within  the  acetabulum,  and  well  fitted 

injured.  ^q  \^^  \;\^q  head  of  the  thigh-bone  is  very  little  exposed  to 

injury;  so  that,  although  the  neck  and  other  parts  of  the  femur  are  often 
broken,  I  have  never  seen  an  instance  in  which  the  head  had  suffered 
from  contusion*;  neither  is  its  shape  altered  in  rickets,  although  the 
lower  end  of  the  bone  is  often  very  much  deformed  in  that  disease. 

The  Dimple  for  The  Dimple  for  the  ligamentmn  teres  is  situated,  not 
round  ugament.  '^^  ^]^g  Yms,  of  the  axis  of  the  head  and  neck  of  the 
thigh-bone,  but  below  it,  in  the  line  of  the  axis  upon  which  the 
head  rotates  during  flexion  and  extension.  So  that  a  line  drawn 
transversely  through  the  pelvis,  and  prolonged  through  the  "  dim- 
ple," on  either  side,  represents  the  axis  upon  which  flexion  and 
extension  of  the  thighs  take  place,  and,  consequently,  the  axis 
upon  which  the  trunk  is  inclined  forwards  and  backwards  upon 
the  thighs.  There  are  two  or  three  foramina  for  vessels  at  the 
bottom  of  the  dimple;  the  fibres  of  the  round  ligament  are  inserted 
above  these;  and  the  part  of  the  dimple  just  beneath  its  upper 


^  In  the  Mus^e  Dupuytren  is  a  specimen  where  both  acetabula  have  been  broken 
in  by  the  wheel  of  a  heavily  laden  cart  passing  over  the  side  of  the  pelvis;  but  the 
heads  of  the  thigh-bones  have  escaped  injury. 
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edge,  whicli  is  not  filled  up  by  the  ligament,  is  occupied  by  fat 
(PL  XLVI.  I). 

The  cartilaginous  surface  of  the  acetahulum  is,  at 
every  point,  exactly  applied  to  that  of  the  head  of  the 
femui-,  so  that  there  is  no  interval  between  them  in  any  position  of 
the  joint;  this  may  be  proved  by  sections  made  through  the  joint 
in  the  recent  state.  It  is  a  broad  band  disposed  in  the  form  of 
a  horse-shoe.  Its  width  is  greatest,  and  its  cartilage  is  thickest, 
beneath  the  part  contributed  by  the  ilium,  where  the  greatest 
amount  of  the  weight  of  the  body  is  borne,  and  where  the  pull  of 
the  great  flexor  and  extensor  muscles  of  the  hip  is  chiefly  felt; 
towards  this  part  also  the  lines  of  the  cancelli  in  the  neck  and  head 
of  the  thigh-bone  (PL  XXVIII.  fig.  1,  J^")  are  principally  directed. 
It  is  narrowest  at  the  part  contributed  by  the  pubes,  and  is  absent, 
together  with  the  wall  of  the  acetabulum  itself,  at  the  anterior  and 
lower  part,  where  there  is,  commonly,  no  weight  sustained  and  little 
force  applied.  It  is  deficient  also  in  a  circular  space,  as  large  as 
a  half-crown-piece,  at  the  bottom  of  the  acetabulum.  This  space, 
which  is  filled  up  to  the  level  of  the  cartilaginous  surface  of  the 
cavity  by  soft  fat  and  synovial  membrane,  corresponds  with  the 
round  ligament,  with  the  dimple  in  the  head  of  the  femur  where  the 
ligament  is  attached,  and  with  the  slight  prominence  of  the  carti- 
laginous surface  surrounding  the  dimple;  and  it  represents  the 
area  traversed  by  them  in  the  various  movements  of  the  hip.  The 
fat  readily  yields  before  the  ligament,  and,  rising  on  either  side 
of  it,  prevents  any  void  space  being  created  when  the  latter  is 
shifted  from  place  to  place. 

The  wall  of  the  acetabulum,  at  this  part,  is  not  usually  subjected 
to  miich  force,  and  is  thin  and  spongy.  It  is  sometimes  perforated 
by  ulceration  in  disease  of  the  joint,  and  is  occasionally  broken  by 
a  severe  blow  upon  the  trochanter;  the  head  of  the  thigh-bone  may 
even  be  forced  through  it  into  the  cavity  of  the  pelvis.  The  cushion  of 
fat  is  connected  with  it  only  by  a  layer  of  loose  areolar  tissue,  and 
may,  accordingly,  be  easily  detached  by  the  handle  of  a  scalpel,  or  be 
separated  by  maceration. 

The  margin  of  the  acetabulum  is  abrupt  on  its  inner  or  articu- 
lar surface,  and  is  more  gradually  sloped  on  its  outer  surface.     It 
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is  also  uneven ;  it  presents  a  marked  notch  at  the  fore  part,  beneath 
the  groove  for  the  psoas  tendon ;  this  notch  indicates  the  point  of 
union  between  the  pubes  and  the  ilium.  There  is  another  less 
marked  notch  at  back  part ;  this  indicates  the  point  of  union 
between  the  ilium  and  the  ischium. 

The  cotyloid  The  acctabulum  does  not  form  more  than  170°  or 

ligament.  175",  that  is,  uot  SO  mucli  as  a  half  circle  in  any  direc- 

tion; it  does  not,  therefore,  embrace  the  greatest  circumference  of 
the  head  of  the  femur,  and  has  no  power  to  hold  it  in  its  cavity. 
It  is,  however,  deepened  by  the  cotyloid  ligament,  which  is  attached 
to  its  margin,  and  which  embraces  the  head  of  the  femur  at,  and  a 
little  beyond,  its  greatest  circumference,  so  contributing  very  much 
to  the  security  of  the  joint.  This  structure  (PI.  XLII.  fig.  1,  i^and 
XLIII.  fig.  1,E)  is  composed  of  firm  yellowish-white  fibrous  rings, 
and  is  attached  by  a  wide  basis  to  the  border  of  the  acetabulum, 
to  the  edge  of  the  cartilage  that  lines  the  acetabulum,  and  to  the 
fibrous  capsule  that  springs  from  its  outer  edge.  It  is  shaded  off 
into  a  thinner  edge,  which  projects  into  the  joint  between  the  head 
of  the  femur  and  the  capsule,  is  inclined  a  little  inwards  so  as  to 
embrace  the  head  of  the  femur,  and  is  retained  in  close  contact 
with  it  by  the  pressure  of  the  capsule.  The  synovial  membrane 
is  reflected  from  the  capsule  upon  it  and  is  lost  upon  its  free 
edge.     It  fills  up  the  minor  inequalities  observable  in  the  mar- 
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Fig.  I.  Transverse  ligament  and  notch  of  right  acetabukim  seen  from  below. 
A,  cut  surface  of  pubes.  B,  ditto  of  ischium.  C,  edge  of  bone  between  acetabulum 
and  obturator  hole,  forming  the  bottom  of  acetabular  notch.  D,  fibres  of  transverse 
ligament,  arising  from  anterior,  or  pubic,  corner  of  notch,  crossing  beneath  those  {E) 
which  arise  from  posterior,  or  ischiatic  corner,  and  becoming  blended  with  {F)  the 
cotyloid  ligament,  which  is  continued  across  the  notch  in  front  of  the  transverse  liga- 
ment. 0,  vacant  space  in  notch  which  is  occupied  by  fat  continuous  with  that  in  the 
round  ligament. 

Fig.  2.  Front  view  of  right  hip-joint.  ^,  anterior  inferior  spine  of  ilium.  5,  pubes. 
C,  ischium.  D,  lesser  trochanter  of  femur.  E,  tendon  of  rectus  femoris.  F,  anterior 
accessory  ligament.  G,  superior  accessory  ligament.  H,  inferior  accessory  ligament. 
/,  space  covered  by  tendon  of  psoas  magnus.  K,  interlacing  fibres  of  obtm-ator  liga- 
ment. 
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gin  of  tlie  acetabulum,  and  is  continued  across  tlie  notch,  thus 
forming  a  complete  circle  or  collar,  which,  closely  surrounding 
the  head  of  the  femm-,  and,  like  a  valve,  preventing  the  entrance 
of  air  into  the  joint,  holds  the  thigh-bone  in  its  place,  after  the 
capsule  has  been  quite  divided.  Owing  to  its  soft  cushiony  quality 
it  docs  not  interfere  with  the  movements  of  the  joint,  and  it  pre- 
vents any  chipping  of  the  acetabulum  or  injury  to  the  head  and 
neck  of  the  thigh-bone,  which  would  have  been  likely  to  occur  had 
the  place  of  the  ligament  been  supplied  by  a  prolongation  of  the 
edge  of  the  cup  itself.  Even  when  the  head  of  the  thigh-bone  is 
driven  over  the  edge  of  the  acetabulum,  as  in  dislocation,  the 
bones  generally  escape  injury. 

The  influence  of  this  fibrous  ring,  combined  with  that  of  atmo- 
spheric pressure,  is  exerted  upon  the  head  of  the  femur  under  all 
circumstances  and  in  every  position  of  the  joint.  The  articular 
sm-faces  are  thus  maintained  in  apposition  with  sufficient  force  to 
meet  all  ordinary  contingencies;  and  this  is  done  without  any 
hindrance  to  the  movements  of  the  joint.  The  head  of  the  thigh- 
bone, though  secm*ely  held  in  its  socket,  is  free  to  revolve  in  any 
direction  with  a  scarcely  appreciable  amount  of  friction;  and  the 
lower  extremity  swings,  like  a  pendulum,  from  the  pelvis. 
Transverse  The  cotyloid  ligament  is  not  entirely  confined  to  the 

ugament.  margin  of  the  acetabulum ;  for  some  of  its  fibres  are,  as 

just  said,  continued  across  the  notch,  completing  the  circle  of  the 
acetabulum.  It  is  strengthened  in  this  situation  by  a  layer  of 
strong  fibrous  bmidles  {D) ,  passing,  from  the  external  surface  of  the 
pubes,  just  in  front  of  the  anterior  or  pubic  cornu  of  the  notch, 
downwards  and  backwards  to  the  posterior  or  ischiatic  cornu;  also 
by  deeper  bundles  {E)  arising  from  the  ischiatic  cornu,  and  cross- 
ing the  others  obliquely.  Some  of  the  fibres  of  both  tliese  bundles 
are  continuous  with  those  of  the  cotyloid  ligament;  and  they  com- 
bine with  it  to  make  the  Transverse  ligament.  The  transverse 
ligament  does  not  fill  up  the  acetabular  notch,  but  merely  bridges 
it  over,  leaving  a  space  {G)  beneath  it,  through  which  vessels  pass 
to  the  bottom  of  the  acetabulum,  and  into  which  the  fat,  contained 
in  and  about  the  base  of  the  round  ligament,  is  pressed  in  certain 
positions  of  the  joint. 
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Capsular  The  Capsular  ligament  (PI.  XLIII.),  as  in  the  case 

ligament.  ^^  other  ball-and-socket  joints,  extends  from  the  edge 
of  the  "  cup"  to  the  circumference  of  the  neck  upon  which  the 
"  ball"  is  carried.  It  encloses  the  cotyloid  ligament,  and  its  fibres 
run,  for  some  distance,  upon  the  exterior  of  the  acetabulum,  the 
uppermost  becoming  blended  with  some  of  the  fibres  of  the  rectus 
femoris  {N),  near  the  anterior  inferior  spine  of  the  ilium.  At  the 
notch  it  is  connected  with  the  cotyloid  ligament;  but  is  thin  at  that 
part.  Externally  the  capsule  is  attached  to  the  base  of  the  great 
trochanter,  beneath  the  digital  fossa,  to  the  prominent  ridge  of  the 
inner  and  fore  part  of  the  great  trochanter,  to  the  anterior  inter- 
trochanteric line,  and  to  a  line  which  ascends  from  the  lower  end  of 
the  latter,  in  front  of  the  lesser  trochanter,  and  which  then  passes 
behind  the  middle  of  the  neck  of  the  femur  to  the  digital  fossa. 
This  line,  especially  where  it  passes  behind  the  neck  of  the  femur, 
is  very  faintly  marked.  The  attachment  of  the  capsule  at  this  latter 
part  is  slight;  it  is  chiefly  efiected  by  means  of  a  thin  exter- 
nal layer  {R),  which  passes  towards  the  trochanter,  and  by  a  thin 
internal  layer  ( G)  which  is  reflected  upon  the  back  of  the  neck  of 
the  femur. 

ismosttigiit  Most  of  the  fibres  of  the  capsule  pass,  not  directly 

when  the  thigh  from  quc  boiie  to  the  other,  but  obliquely,  and  are  so 

is  extended  x        •/  ^ 

upon  the  arranged  that  the  greater  number  of  them  are  tightened 

pslvis. 

when  the  thigh  is  extended  upon  the  pelvis.     The  effect 
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Fig.  I.  Ti-ansverse  section  through  left  hip-joint  viewed  from  above.  A,  A,  aceta- 
bulum. B,  great  trochanter.  C,  depression  at  bottom  of  acetabulum  devoid  of  car- 
tilage. D,  most  prominent  part  of  head  of  femur.  B,  E,  cut  edges  of  cotyloid 
ligament.  F,  back  part  of  capsule.  G,  layer  of  capsule  reflected  upon  back  of  neck 
of  femur.  H,  thin  layer  passing  on  to  back  of  neck  of  femur  near  great  trochanter. 
/,  fore  part  of  capsule  pulled  away  from  front  of  neck  of  femur. 

Fig.  1.  Back  view  of  right  hip-joint.  A,  acetabulum.  B,  great  trochanter. 
K,  spine,  and  L,  tuber,  of  ischium.  M,  pubes.  N,  tendon  of  rectus  femoris.  0, 
zonular  band.  P,  edge  of  capsule  liglitly  connected  with  hinder  part  of  neck  of  femur, 
Q,  fibres  of  superior  accessory  ligament,  interlacing  with  those  of  rectus  tendon, 
passing  into  back  of  capsule  and  continuous  with  zonular  band. 
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of  tliis  is  to  press  the  head  of  the  thigh-bone  tightly  against  the 
acetabnhmi,  and  to  give  a  certain  amount  of  steadiness  to  the  joint 
in  that  position.  For  the  same  reason,  if  the  joint  be  tender  from 
inflammation  of  the  synovial  membrane,  or  if  fluid  be  effused  into 
its  cavity,  the  extended  position  becomes  painful  or  impossible ;  the 
patient,  therefore,  keeps  the  thigh  a  little  bent  upon  the  pelvis,  and, 
when  he  stands,  the  whole  of  the  affected  extremity  is  placed  in 
advance  of  the  other;  the  pelvis  is,  at  the  same  time,  inclined 
do'UTiward  on  the  affected  side,  to  assist  in  the  bending  of  the  hip- 
joint,  and  to  enable  the  foot  to  rest  upon  the  ground,  so  that  an 
apparent  elongation  of  the  limb  is  produced. 
T.        .  The  capsule  varies  very  much  in  thickness  in  dif- 

its  rarj'mg  r  J 

tiiickness.  fereut  parts.  It  is  thin  near  the  back  of  the  neck  of  the 
femm',  also  near  the  transverse  ligament  and  where  it  is  covered  by 
the  psoas  tendon.  It  is  of  very  great  thickness  at  the  front  of  the 
joint,  and  between  the  upper  edge  of  the  acetabulum  and  the  fore 
part  of  the  great  trochanter  \ 

Accessory  Th.^  great  thickness,  at  these  parts,  is  due  to  accessory 

ligaments:  ligamentous  fibres,  which  pass  from  the  anterior  intertro- 
chanteric line  in  three  directions.  One  division,  which 
may  be  called  tlie  Anterior  accessory  ligament  (PI.  XLII. 
fig.  2,  F)^  runs  from  the  middle  and  greater  part  of  that  line, 
obliquely  upwards  and  a  little  inwards,  to  the  lower  edge  of  the 
anterior  inferior  spine  of  the  ilium,  and  to  the  thick  ridge  that  de- 
scends from  the  spine  to  the  acetabulum.  The  component  bundles 
are  not  all  disposed  in  parallel  lines ;  for  those  which  arise  from  the 
lowest  part  of  the  inter-trochanteric  line  ascend  to  the  highest  part 
of  the  iliac  ridge,  and  are,  therefore,  less  oblique  than  the  others, 
which  arise  from  the  higher  part  of  the  line,  and  pass  to  the  lower 
part  of  the  ridge. 

limits  exten-  ^^  ^^  ^  ligament  of  great  strength  and  great  import- 

sionofhip,       ance.     Its  office  is  to  limit  the  extension  of  the  hip- 


1  It  must  be  understood  that  the  capsule  is,  at  all  parts  and  in  all  positions  of  the 
joint,  closely  applied  to  the  neck  of  the  thigh-bone,  being  separated  from  it  only  by 
synovial  membrane  and  sufficient  sjmo-vial  fluid  to  lubricate  the  opposed  surfaces. 
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joint.  When  tlie  joint  is  so  far  extended  that  the  thigh  is  brought 
into  a  line  with  the  vertebral  column  the  ligament  is  rendered 
quite  tense,  and  further  movement  in  that  direction  is  prevented. 
It  is,  accordingly,  tense  when  we  stand  upright ;  and  we  are,  in 
consequence,  then  unable  to  throw  either  thigh  farther  back- 
ward, without  at  the  same  time  rolling  the  pelvis  upon  the  other 
thigh.  And,  what  is  more  important,  it  resists  the  tendency  which 
the  powerful  extensor  muscles  have  to  roll  the  pelvis  and  trunk 
back  upon  the  thigh  beyond  a  given  point.  When  their  action  has 
brought  the  trunk  into  a  vertical  position,  so  that  the 
steadiness  to  line  of  gravity,  falling  through  the  spine,  bisects  a  line 
thewectpos-  ^J.g^^^^  transversely  between  the  heads  of  the  thigh- 
bones (page  148),  this  ligament  operates  as  a  check,  and 
enables  those  muscles,  with  slight  effort,  to  fix  the  pelvis  and  the 
trunk  steadily  in  that  position.  Without  some  such  check  it  would 
be  almost  impossible  for  the  pelvis  to  be  balanced,  for  any  length 
of  time,  and  with  any  thing  like  security,  upon  the  slippery  sphe- 
rical heads  of  the  thigh-bones  ;  the  trunk  would  be  continually 
swaying  to  and  fro,  and  the  erect  posture  would  be  one  of  great 
difficulty  and  fatigue.  The  several  fibres  of  the  ligament  all 
become  tense  at  the  same  time,  and  combine  to  effect  this  im- 
portant purpose.  They  do  not  distinctly  limit  either  rotation,  ab- 
duction, or  adduction,  in  any  position  of  the  joint ;  but  when  quite 
upon  the  stretch  they  do,  more  or  less,  impede  these  movements, 
particularly  the  latter. 


DESCRIPTION  OF  PLATE  XLIV. 

Hip-joint,  in  extended  position,  viewed  from  the  front,  with  the  fore  part  of  the 
acetabulum  {A,  A,  A)  reflected  from  B,  B,  B.  C,  part  of  reflected  cotyloid  ligament. 
D,  reflected  front  of  capsule.  E,  part  of  superior  accessory  ligament  reflected. 
G,  cut  edge  of  ditto.  F,  cut  edge  of  cotyloid  ligament.  H,  thin  part  of  acetabulum ; 
the  fat  which  should  cover  it  has  been  removed.  I,  posterior  band  of  ligamentum 
teres,  arising  from  [K)  the  ischiatic  corner  of  the  notch.  The  wavy  disposition  of  its 
fibres  shows  that  it  is  not  tense.  L,  fibres  passing  from  fore  part  of  capsule  upon  neck 
of  femur. 


Fiate.  5LI7. 
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The   uppermost   fibres   of  the   accessory   ligament, 
accessory  which  may  be   called  the  Sujpertoi'  accessory  ligament, 

ligament  ^^^^  ^-^^^   ^^^  ^^  ^  ^^^^  ^lAY .  E,   O)  are  attached, 

externally,  to  the  bold  ridge  that  stands  out  from  the  fore  part  of 
the  great  trochanter,  at  its  junction  with  the  neck.  The  greater 
number  of  them,  forming  a  very  powerful  ligament,  nearly  half  an 
inch  thick,  the  thickest  and  strongest  in  the  body,  run  inwards, 
with  a  slight  inclination  upwards  and  backwards,  to  the  upper  edge 
of  the  acetabulum  and  to  the  outer  side  of  the  ridge  which  ascends 
from  it  to  the  anterior  inferior  spine  of  the  ilium.  Other  fibres — 
the  upper  and  hinder  (PI.  XLIII.  fig.  2,  Q) — radiate  backwards, 
over  the  neck  and  head  of  the  femur,  to  the  outer  surface  of  the 
acetabidum,  between  the  ridge  before  mentioned  and  the  neigh- 
bourhood of  the  tuber  iscliii.  Some  of  them  are  entwined  with 
the  fibres  of  the  rectus  tendon  {N).  The  hindmost  of  all,  passing- 
down  wards  and  backwards,  over  the  back  of  the  joint,  are  inter- 
laced with  fibres  derived  from  the  inferior  spine  of  the  ilium  and 
the  exterior  of  the  acetabulum,  and  thicken  the  outer  edge  of  the 
capsule  at  this  part,  so  as  to  form  a  zonular  band  (0)  which  encir- 
cles the  hinder  part  of  the  neck  of  the  femur,  somewhat  in  the  same 
manner  as  the  orbicular  ligament  encircles  the  head  of  the  radius. 
They  are  finally  lost  in  the  capsule  near  the  tuber  ischii. 
limits  extension  Nearly  all  the  fibres  of  the  superior  accessory  liga- 
of  the  thigh  ment  are,  like  those  of  the  anterior  ligament,  put  on  the 
sti-etch  when  the  thigh  is  extended,  and  contribute  with  them  to 
antagonise  the  action  of  the  glutsei  and  other  extensor  muscles, 
and  to  sive  steadiness  to  the  ioint.     They  act  also  in 

and  lateral  °  _  "^  _        "^  _ 

inclination  of  a  morc  direct  manner  than  the  anterior  ligament,  in 
limiting  adduction  of  the  thigh,  or,  more  properly 
speaking,  in  limiting  lateral  inclination  of  the  pelvis  upon  the 
thigh,  such  inclination  as  is  caused  by  the  weight  of  the  body 
bearing  upon  the  sacrum  when  we  rest  upon  one  foot.  In 
proportion  as  the  pelvis  is  bent  upon  the  thigh  so  does  the 
range  of  its  lateral  inclination,  at  the  hip,  become  more  free ; 
and  the  limit  to  that  movement  is  set  either  by  the  fibres  of 
this  ligament  or  by  those  of  the  round  ligament  which  now  come 
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into  play.  First,  when  the  hip  is  a  little  bent,  the  office  is  per- 
formed bj  the  enormously  thick  bmidles  of  the  superior  accessory 
ligament,  which  pass  from  the  trochantral  ridge  to  the  upper  edge 
of  the  acetabulum;  and  in  the  "  stand-at-ease "  position  of  drill, 
when  the  soldier  rests  upon  one  leg,  with  the  hip  a  little  bent,  the 
pelvis  and  trunk  are,  as  it  were,  slung  upon  this  ligament,  the 
ill  tiie  latter  musclcs  being  left  almost  entirely  at  rest.  As  the 
aided  by  flexiou  iucrcases  the  office  is  transferred,  more  and  more, 

'round  '  ' 

ligament."  from  tlicsc  stroug  anterior  fibres,  to  the  hinder  and 
weaker  fibres  of  the  ligament,  which  pass  to  the  upper  and  poste- 
rior surface  of  the  acetabulum  and  to  the  hinder  part  of  the  capsule ; 
and  when  the  flexion  has  reached  to  a  certain  degree  (when  the 
thigh  is  bent  to  somewhat  less  than  a  right  angle),  assistance  is 
rendered  by  the  Ligamentiim  teres. 

The  inferior  portion  of  the  accessory  ligament,  form- 

Tlie  inferior         _  ^  .  . 

accessory  ing  wliat  may  be  called  the  Inferior  accessory  ligament 

(PL  XLII.  fig.  2,  H),  arises  from  the  lowest  point  of 
the  inter-trochanteric  ridge,  from  the  ridge  which  ascends  from  the 
latter  in  front  of  the  lesser  trochanter,  and  from  the  angle  between 
these  two  ridges.  It  runs  obliquely,  upwards  and  forwards,  to 
the  pubic  edge  of  the  acetabulum,  just  above  the  notch,  where 
some  of  its  fibres  become  blended  with  the  fibres  of  the  transverse 
ligament. 


DESCRIPTIOiSr  OF  PLATE  XLV. 

Vertical  section  from  side  to  side  through  left  hip-joint,  with  thigh  extended  upon 
pelvis  and  adducted,  and  with  toes  directed  straight  forward.  A,  cut  edge  of  crest 
of  ilium.  B,  tuber  ischii.  C,  thin  part  of  acetabulum.  D,  round  ligament  springing 
from  hinder  corner  of  notch  and  ascending  in  a  waving  line  to  dimple  in  head  of 
femur.  E,  E,  cut  edge  of  capsule.  It  is  thickened  near  acetabulum  above,  and  near 
its  attachment  to  femur,  below,  by  the  addition  of  the  anterior  accessory  ligament 
{F,  F).  Some  of  its  fibres  are  reflected,  with  synovial  membrane  at  G,  0,  upon 
upper  and  under  surfaces  of  neck  of  femur.  H,  rectus  tendon  turned  back.  /,  upper 
cut  edge  of  cotyloid  ligament.  K,  lower  edge  of  same,  with  some  of  its  fibres  con- 
tinued into  round  ligament. 

The  capsule  is  relaxed  above  and  below,  because  its  fibres,  which  run  from  the 
ilium  downwards  and  outwards  to  the  femur,  are  cut  obliquely  in  the  section. 
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limits  abduction  I^  limits  abfluctioii  of  the  thigh,  or  rotation  of  the 
ofthetingh.  pelvis  outwards  upon  the  femur.  Thus,  when,  in 
standing  upon  one  leg,  we  incline  the  body  and  the  pelvis  a  little 
to  that  side,  so  as  to  maintain  the  balance,  a  check  to  the  move- 
ment is  given  by  this  ligament,  at  the  right  time,  just  as  we  have 
seen  that  a  check  to  extension  of  the  hip  is  given  by  the  anterior 
accessory  ligament  when  the  erect  posture  has  been  attained;  and 
the  muscles  which  have  caused  the  movement  are  enabled  by  this 
assistance  to  fix  the  pelvis  steadily  upon  the  thigh. 

In  the  erect  posture  the  inferior  accessory  ligament  is  soon 
rendered  tense,  and  the  movement  just  mentioned  is,  accordingly, 
soon  stopped.  If  the  thigh  be  a  little  bent  the  points  of  attachment 
of  the  ligament  are  brought  more  nearly  into  the  same  line,  and 
are,  therefore,  approximated  a  little,  so  that  a  greater  range  of 
movement  is  permitted. 

iSFear  the  attachment  to  the  femur  this  ligament  is  united  with 
Thin  part  of  the  anterior  acccssory  ligament;  but  they  diverge  from 
capsule.  Q^-^Q  another  as  they  pass  to  the  pelvis,  and,  in  the  inter- 

val (J)  which  is^  left  between  them,  the  capsule  is  thin  and  is 
covered  by  the  psoas  tendon;  indeed  there  is  often  a  communica- 
tion here  between  the  bursa  appertaining  to  that  tendon,  and  the 
cavity  of  the  hip-joint. 

Ligamentum  The    officcs    of   the   Ligamentuni    teres    have    been 

teres.  vanously  stated ;  but  never,   I  think,  quite  correctly. 

They  are  rather  difficult  to  ascertain  with  precision,  because  the 
ligament,  lying  in  the  interior  of  the  joint,  is  entirely  hidden  from 
view;  and  when  once  the  capsule  has  been  cut,  or  a  section  of  the 
joint  has  been  made,  it  is  not  easy  to  retain  parts  in  their  proper 
position  while  the  bones  are  moved  upon  one  another.  The  best 
^PP*^i't^^^ty  0^  observing  the  ligament  is  afforded  by 
exposing  it  to  rcmoving  with  a  trephine,  from  the  bottom  of  the  ace- 
tabulum, the  portion  of  bone  which  is  not  covered  by 
cartilage.  This  may  be  easily  effected  from  the  inside  of  the 
pelvis,  after  one  os  innominatum  has  been  taken  away ;  and  it 
should  be  done  while  the  capsule  remains  entire.  When  the  piece 
of  bone  has  been  thus  cut  out,  and  the  fat  which  lies  upon  it  has 
been   dissected  away,  the  ligament  is  seen   in   its  whole  length. 
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and  its  condition  in  the   various   positions   of  the  joint  can   Ibe 
observed  \ 

The  round  ligament  consists  of  two  bands,  a  posterior,  mode- 
rately thick  and  strong,  and  an  anterior,  thin  and  weak.  These 
are  attached,  respectively,  to  the  ischiatic  and  pubic  margins  of  the 
acetabular  notch;  they  are  connected  together  by  areolar  and  fatty 
tissue,  and  by  a  synovial  sheath ;  and  they  are  inserted  together 
into  the  bottom  of  the  dimple  in  the  head  of  the  femur,  so  as  to 
form  one  triangular  ligament.  It  will  be  observed,  on  looking  at  a 
thigh-bone  (particularly  a  recent  thigh-bone) ,  that  the  outline  of  this 
dimple  is  not  circular  but  rather  of  trefoil  shape,  or  three-cornered 
(PL  XLVI.  fig.  5),  the  lower  edge  being  nearly  flat.  Each  of  the 
lower  two  corners  corresponds  with  one  of  the  bands  of  the  liga- 
ment; and  the  hinder  one  is  the  larger  and  deeper,  in  accordance 
with  the  greater  size  of  the  posterior  band ;  the  upper  corner  is 


1 


^  I  had  resorted  to  this  meanfg  of  ascertaining  the  use  of  the  round  ligament,  and 
had  demonstrated  it  to  my  pupils,  before  seeing,  from  a  brief  report  of  a  paper  read 
by  Dr  Struthers,  Sd.  Med.  Journal,  April,  1847,  that  he  had,  by  a  similar  process, 
arrived  at  somewhat  similar  results. 


DESCRIPTION  OF  PLATE  XLVI. 

Figs.  I,  '2,  3,  and  4,  are  views  of  ligamentum  teres  in  different  positions  of  the  hip, 
obtained  by  cutting  out  a  circular  portion  of  the  bottom  of  the  acetabulum.  A,  A, 
cut  edge  of  ilium.  B,  ditto  of  pubes.  C,  spine  of  ischium.  D,  tuber  ischii.  E, 
femur.  F,  lower  surface  of  the  capsule.  G,  opening  into  acetabulum  beneath  trans- 
verse ligament.  II,  ligamentum  teres ;  /,  small  pad  of  fat  lying  upon  it,  and  assisting 
to  fill  up  dimple  in  head  of  femur.  The  pelvis  is  in  the  erect  position  in  aU.  In  fig,  i 
the  thigh  is  extended  and  adducted ;  ligamentum  teres  is  not  tight.  In  fig.  2  the  thigh 
is  bent;  and  ligamentum  teres  is  still  relaxed.  In  fig.  3  the  thigh  is  bent  and 
adducted ;  the  fibres  of  ligamentum  teres  are  straight  and  tight.  In  fig.  4  the  thigh 
is  bent  and  rotated  outwards  ;  the  fibres  of  ligamentum  teres  are  now  also  tight.  In 
the  last  two  positions  the  small  pad  of  fat  (represented  at  /,  in  figs,  i  and  2)  is  carried 
out  of  sight. 

Fig.  5.  A  view  of  the  dimple  in  the  head  of  the  femur,  shewing  its  triangular 
form. 
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occupied  only  by  fat.  When  the  hip  is  bent  the  lower  two  corners 
of  the  dimple  are  brought  opposite  to  the  edges  of  the  acetabular 
notch;  that  is  to  say,  the  respective  points  of  attachment  of  the 
two  bands  of  the  ligament  are  brought  opposite  to  each  other. 
Use  to  limit  This,  together  with  the  fact  that  the  bands  do  not 
incunation  of     occupy  the  comcrs  of  the  dimple  at  all  times,  but  only 

the  peh-is  in  ^  ^  j 

flexed  position    when  tlicy  are  on  the  stretch,  at  other  times  lyino'  upon 

of  the  joint.  r.     i       i  ^     ^        -,  ^       o      i 

any  part  ot  the  lower  edge  of  the  dniiple,  indicates  that 
the  bent  position  of  the  hip  is  that  in  which  the  ligament  is  tense, 
and  is,  therefore,  the  position  in  which  it  is  called  into  service. 

The  inference,  thus  drawn  from  the  anatomy  of  the  parts,  is 
quite  confirmed  by  the  observation  of  the  ligament  through  the  tre- 
phine hole  just  mentioned  (PI.  XLVI.).  In  the  extended  position 
of  the  joint  (fig,  1)  the  ligament  is  seen  to  be  quite  loose;  and  it 
cannot  be  rendered  tense  by  any  adduction  or  rotation  of  the  thigh. 
If,  however,  the  thigh  be  bent  upon  the  pelvis  (fig.  2),  and  be  then 
adducted  (fig.  3) ;  or  if,  when  bent,  it  be  rotated  outwards  (fig.  4)  ;  or, 
which  amounts  to  the  same  thing,  if  the  opposite  side  of  the  pelvis 
be  inclined  downwards,  the  ligament  is  rendered  tense,  and  its 
two  bands  are  drawn  tightly  over  the  two  corners  of  the  dimple  in 
the  head  of  the  femur,  which  are  now  opposite  to  the  two  edges  of 
the  acetabular  notch. 

In  the  bent  position  of  the  thigh,  with  the  other  side 
is  compressed '^  of  the  pclvis  incHncd  downwards,  the  round  ligament  is 
notch in'certEdn  cli'^^^^i  i^s  full  length  iuto  the  acetabular  cavity;  and  the 
positions  of  the  areolar  and  fatty  tissue,  enclosed  in  its  synovial  sheath, 
are  drawn  up  with  it.  But  when  the  rotation  of  the 
thigh  or  pelvis  is  effected  in  an  opposite  direction,  or  when  the 
thigh  is  abducted  in  the  erect  posture,  the  ligament  is  driven,  in 
wrinkles,  down  to  the  lower  part  of  the  acetabulum  ;  and  its  areolar 
and  fatty  tissue  are  compressed  into  the  notch,  and  are  made  to 
project  externally  beneath  the  transverse  ligament.  Thus  we  learn 
that  one  of  the  uses  of  this  notch  is  to  afford  room  for  the  compo- 
nents of  the  round  ligament  in  certain  positions  of  the  joint. 
Tomindisio-  Anatomical  and  experimental  observation  combine, 

cation.  therefore,  to  shew  that  the  office  of  the  ligamentum  teres 

is  the  same  with  that  of  the  hindmost  fibres  of  the  superior  acces- 


520  THE  JOINTS   OF   THE   LOWEE   EXTREMITY. 

sorj  ligament,  viz.  to  prevent  too  great  inclination  of  the  pelvis  in 
the  bent  position  of  the  hip.  That  the  assistance  it  affords  is  far 
from  being  superfluous  is  proved  by  the  fact  that  the  hip-joint  is 
more  frequently  dislocated  by  a  strain  in  the  direction  which  these 
ligaments  are  intended  to  resist  than  in  any  other.  The  accident  is 
commonly  caused  by  the  sufferer  being  thrown  violently  upon  one 
knee  with  the  hip  bent ;  the  upper  and  back  part  of  the  capsule, 
together  with  the  hinder  fibres  of  the  superior  accessory  ligament 
and  the  ligamentum  teres,  are  torn,  and  the  head  of  the  femur, 
driven  from  the  acetabulum,  is  lodged  upon  the  dorsum  of  the  ilium 
or  in  the  neighbourhood  of  the  sciatic  notch. 

Weber'  considers  that  the  ligamentum  teres  co-operates 

It  does  not  '^  '' 

limit  adduc-  with  the  thick  anterior  fibres  of  the  superior  accessory  liga- 
the  erect  posi-  Toiexit,  to  restrain  adduction  of  the  thigh  in  the  erect  position ; 
^^°^-  because  a  vertical  section,  carried  through  both  hip-joints 

when  the  thighs  are  extended,  divides  the  ligamentum  teres  in  its 
whole  length,  shewing  that  it  takes  a  vertical  direction.  It  does  not 
appear  to  have  occurred  to  him  to  open  the  joint  from  the  pelvis  in  the 
way  I  have  described,  or  he  would  have  seen  that,  though  the  hinder 
fibres  of  the  ligament  are  nearly  vertical  when  the  joint  is  extended, 
they  are  not  then  tense,  and  that  they  cannot  be  made  tense  by  any 
attempt  at  adduction  or  rotation,  till  the  joint  is  bent,  which  proves, 
with  certainty,  that  it  is  in  the  bent  position  of  the  joint  only  that  the 
ligament  comes  into  use.  "Weber  remarks  that  when  the  joint  is 
straight,  no  adduction  is  possible  because  this  ligament  is  tight.  It  is 
true  that  adduction  in  that  position  is  very  limited ;  this  is  not,  how- 
ever, in  consequence  of  the  tension  of  the  round  ligament,  but  because 
many  of  the  fibres  of  the  capsule  are  then  on  the  stretch.  Indeed,  if 
this  ligament  i^revented  adduction  of  the  thigh  in  the  extended  position, 
as  Weber  says  that  it  does,  it  would  do  the  same  in  all  other  positions 
of  the  joint,  because  its  attachment  to  the  dimple  of  the  femur  being 
in  the  line  of  the  transverse  axis  of  rotation  of  the  thigh  upon  the  pelvis, 
it  would  necessarily  be  tense  in  the  flexed  and  extended  position  of  the 
joint  alike.  Hence  adduction  would  be  altogether  impossible  in  all 
positions. 


^  Geliwerhzeuge,  s.  144. 
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To  assure  myself  further  of  the  condition  of  the  lis-ament 

Conditiou  as  "^ 

seen  in  vertical  in  the  erect  posture,  I  made  a  vei'tical  section  through  the 
sec  ion  0  join  .  j^-^-^^  when  the  thigh  was  extended  upon  the  pelvis  with  the 
toes  directed  straight  forward;  and  found  that  although  the  section  was 
parallel  with  the  fibres  of  the  ligament  they  were  not  tense,  neither 
could  they  be  made  so  till  the  joint  was  bent  (PI.  XLIV.  XLY.). 

Always  torn  in  The  ligamentum  teres  is  torn  in  each  variety  of  disloca- 

disioeatiou.  tion,  even  in  the  dislocation  into  the  obturator  hole.  For 
though,  when  the  joint  has  been  opened  after  death,  the  head  of  the 
thigh-bone  can  be  removed  from  the  socket  and  laid  in  the  obturator 
hole  without  dividing  the  ligament,  yet  the  force  which  causes  a  disloca- 
tion is  always  sufficient  to  rend  the  ligament  fi'om  its  dimple  in  the 
femur.  The  separation  takes  place  the  more  easily  because  the  drag 
upon  it  in  this  displacement  is  made,  downwards,  in  the  direction  in 
which  it  is  not  calculated  to  offer  resistance.  In  the  other  dislocations 
of  the  hip,  the  force  is  applied  in  an  opjDosite  direction;  and  the  liga- 
ment is  not  separated  from  the  dimple,  but  is  rent  across  a  little 
below  it. 

Although  a  valuable  assistant  to  the  other  ligaments,  it 

May  be  absent.  .  . 

may  be  wanting,  without  any  especial  weakness  of  the  joint 
being  observed  to  result  from  its  absence.  Perhaps  the  deficiency  in 
such  cases  is  compensated  for  by  additional  strength  in  the  upper  part 
of  the  capsule,  or  in  those  fibres  of  the  accessory  ligament  which  are 
associated  in  function  with  the  ligamentum  teres.  I  have  remarked  the 
ligament  to  be  comparatively  thick  in  foetal  and  early  life,  especially 
near  the  head  of  the  femur,  and  to  be  comparatively  thin  in  some  elderly 
persons;  but  I  have  not  made  sufficient  observations  to  be  sure  that  it 
undergoes  any  regular  decrease  in  size  in  advancing  years. 

"Wanting  in  ^*  ^^  generally  present,  and  sometimes  is  very  strong, 

some  animals,  jj^  those  animals,  as  the  horse  and  ox,  in  which  the  hinder 
extremities  are  inclined  inwards  from  the  pelvis,  and  in  which  such 
assistance,  as  the  round  ligaments  afford,  is  required  to  limit  the  degree 
of  that  inclination.  When,  on  the  other  hand,  the  lower  extremities 
descend  more  vertically,  or  are  inclined  a  little  outwards,  it  is  commonly 
absent,  as  in  the  elephant,  the  seal,  and  the  tortoise.  In  the  orang 
outan  it  is  very  small,  or  wanting  altogether.  In  the  chimpanse  and 
other  monkeys  it  is  present.  In  the  frog,  as  before  stated,  a  similar 
structure  is  found  in  the  shoulder  as  well  as  in  the  hip-joints. 
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To  sum  up  wliat  lias  been  said  respecting  the  offices  of  the 
various  ligaments  of  the  hip  : — Extension  of  the  joint  is  arrested,  at 
the  erect  position,  by  the  anterior  accessory  'ligament ;  and,  by  the 
antagonising  assistance  of  this  ligament,  the  extensor  muscles  are 
enabled  to  hold  the  pelvis  steady  in  that  position.  Flexion  is 
limited,  not  by  any  particular  ligament,  but  by  the  muscles  and 
by  the  bulk  of  soft  parts  in  front  of  the  joints  The  inclination 
of  the  opposite  ilium  upwards  (which  corresponds  with  abduction  of 
the  thigh)  is  limited  by  the  inferior  accessory  ligament.  The  in- 
clination downwards  in  the  erect,  and  slightly  bent,  positions  of  the 
joint  (which  corresponds  with  adduction  of  the  thigh)  is  limited 
by  the  anterior  fibres  of  the  superior  accessory  ligament ;  and  by 
the  hinder  fibres  of  the  same  ligament,  as  well  as  by  the  ligamen- 
tum.  teres,  when  the  joint  is  more  bent.  The  inclination  of  the 
opposite  side  of  the  pelvis  forwards  in  the  erect  posture  (which 
corresponds  with  rotation  of  the  thigh  inwards)  is  limited  by  the 
hinder  part  of  the  capsule;  and  the  inclination  of  the  same  back- 
wards (which  corresponds  with  rotation  of  the  thigh  outwards)  is 
limited  by  the  fore  part  of  the  capsule. 

Synovial  mem-  '^^^^  Synovial  membrane  covers  the  fibrous  tissue  of  the 
ijrane.  neck  of  the  femur,  is  reflected  from  it  upon  the  interior  of 

the  capsule  (PI.  XLV.  G),  and  is  again  reflected  from  the  latter  upon  the 
exterior  of  the  cotyloid  ligament.  It  also  covers  the  round  ligament 
and  the  fat  at  the  bottom  of  the  acetabulum. 

Owing  to  the  extent,  the  vascularity,  and  the  inflections 

Disease  frequent  °         _ 

and  persistent  of  the  Synovial  membrane,  as  well  as  the  variety  and 
^"  range  of  movements  of  the  hip,  this  joint  is  often  the  seat 
of  inflammation,  causing  the  well-known  symptoms  of  "hip  disease," 
which,  in  young  persons,  lingers  so  long  in  each  of  its  several  stages. 
In  the  middle-aged  it  is  common,  but  is  more  acute  and  more  quickly 
followed  by  ulceration  of  the  cartilages.     In  elderly  persons  it  is  apt 


1  Weber  found  that,  in  the  dissected  joint,  flexion  could  be  carried  to  139°, 
whereas,  in  the  living  person,  it  was  limited  to  86°  by  the  presence  of  the  muscles  and 
other  soft  parts.  His  experiments  shew  the  range  of  adduction,  or  abduction,  to 
amount  to  90°,  and  that  of  rotation  to  51;  it  is  greatest  in  the  half-bent  position 
of  the  joint. 
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to  assiTme  the  characters  of  "  chronic  rheumatic  ai-thritis,"  and  is  pro- 
ductive of  a  slower  removal  of  the  cartilages,  and  of  those  various  alte- 
rations in  the  shape  of  the  head  of  the  femur  and  of  the  acetabulum 
which  have  been  so  often  described.  When  once  disease  has  been  fairly 
established  in  the  hip,  whatever  the  period  of  life  may  be,  the  free  use  of 
the  joint  is  rarely  regained.  Hence  we  find  so  many  examples  of  anky- 
losis of  the  hip;  more,  I  think,  than  of  any  other  joint.  The  obstinate 
manner  in  which  disease  adheres  to  the  structures  of  the  hip  is  probably 
explained  by  the  great  pressure  upon  the  articular  surfaces,  caused  by 
the  weight  of  the  body  and  by  the  contractions  of  the  powerful  muscles 
which  are  required  to  wield  the  long  and  heavy  lower  extremity  upon 
the  trunk,  as  well  as  to  move  and  support  the  latter  upon  the  thigh. 
The  hip  is,  perhaps,  also  more  frequently  the  seat  of  congenital  malfor- 
mation than  any  other  joint '. 


THE  KNEE-JOINT  (Plates  XLVII.  to  LIU.) 

is  one  of  the  most  dif3S.cult  of  the  joints  to  understand  thoroughly; 
it  is,  however,  one  of  the  most  interesting  to  study  ;  and  it  presents 
a  high  claim  to  our  careful  consideration,  inasmuch  as  it  is  so 
frequently  the  seat  of  disease. 

Its  articular  surfaces  are  little  adapted  to  one  an- 

Apparently 

^eak,  really  otlicr ;  and  they  are  in  contact  only  to  a  comparatively 
slight  extent  in  any  position  of  the  limb.  So  far  as  it 
depends  on  them,  therefore,  it  is  a  most  insecure  joint.  It  has,  never- 
theless, to  bear  great  weight,  has  a  considerable  range  of  move- 
ment (as  much  as  150°  of  flexion  and  extension),  and  the  move- 
ment takes  place  between  the  two  longest  bones  of  the  body,  so 
that  it  has  to  withstand  the  influence  of  greater  leverage  than 
any  other  joint.  Experience  tells  us,  however,  that,  in  spite  of 
these  disadvantages,  it  is,  really,  one  of  the  strongest  of  the  joints ; 
at  least,  it  is  very  rarely  dislocated.  The  sources  of  its  strength 
are  to  be  found  in  the  size  of  the  articular  ends  of  the  tibia  and 
femur,  which  are  the  largest  in  the  body;    in  the  number  and 


■^  See  Ojcl.  Anat.  Art.  Hip-joint. 
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strengtli  of  the  ligaments,  and  in  the  powerful  muscles  and  fasciaa 
by  which  it  is  invested. 

Movements  Its   movcments  are,   apparently,    simple,   consisting 

apparently  Sim-  ^^     ^£  flexiou  and  cxtcnsion,  with  the  superaddition  of 

pie,  really  com-  •/  '  i 

piex.  rotation  in  the  bent  position.     But  if  we  come  to  ex- 

amine the  joint  carefully,  when  these  movements  are  made,  we 
shall  find  that  they  are  by  no  means  so  simple  as  they,  at  first,  seem 
to  be. 

Differs  from  I^^  most  othcT  joiuts  flcxiou  and  extension  take  place 

a  hmge-jomt.  ^^^  ^^^  almost  simply  hinge-like  manner ;  that  is  to  say, 
the  same  part  of  one  articular  surface,  whether  it  be  the  whole  or 
a  portion  only,  is  applied  against  the  other  articular  sm-face,  and 
revolves  upon  it  in  every  stage  of  the  movement;  and  the  centre 
or  axis  of  the  motion  is  a  fixed  one.  Thus,  in  the  elbow-joint,  the 
sigmoid  cavity  of  the  ulna,  and  the  cup-like  cavity  in  the  head  of 
the  radius,  are  applied  upon  the  lower  end  of  the  humerus,  and 
remain  in  contact  with  it  in  every  position  of  the  joint ;  and,  during 
movement,  they  revolve  round  an  axis  drawn  through  the  lower 


DESCRIPTION  OF  PLATE  XLVII. 

Vertical  section  through  outer  condyles  of  femur  and  tibia,  shewing  their  relations 
to  one  another  in  different  positions  of  the  knee-joint. 

Fig.  I.  The  section  was  made  when  the  bones  were  in  this — the  semi-extended — 
position,  and  the  cut  surfaces  are  therefore  in  the  same  vertical  plane.  The  cartilage 
is  thickest  where  the  two  articular  surfaces  are  in  contact.  A,  B,  C,  the  line  described 
by  the  shifting  axis  of  motion  of  the  tibia  upon  the  femur  in  extension  and  flexion. 
A  corresponds  with  a  line  drawn  between  the  points  of  attachment  of  the  lateral 
ligaments.  The  lines  from  A  to  i,  i,  3,  and  4,  indicate  the  distance  of  the  line  of 
attachment  of  the  lateral  ligament  to  different  parts  of  the  articular  surface  of  the 
condyle.  D,  the  groove  upon  the  under  surface  of  the  condyle  of  the  femur,  which 
receives  the  semilunar  cartilage  in  complete  extension.  E,  the  hinder  cut  edge  of  the 
external  semilunar  cartilage. 

Fig.  2.  The  same  bones  placed  in  the  flexed  position.  The  cut  surface  of  the 
femur  has  acquired  a  slightly  oblique  direction  with  regard  to  that  of  the  tibia,  owing 
to  the  rotation  of  one  bone  upon  the  other  which  accompanies  flexion.  The  hinder 
part  of  the  articular  facet  of  the  tibia  is  in  contact  with  the  condyle  of  the  femur;  and 
the  semilunar  cartilage  {E)  is  pushed  quite  upon  the  hinder  edge  of  the  articular  facet. 
F,  the  anterior  crucial  ligament. 

Fig.  3.  The  same  bones  placed  in  the  extended  position.  The  slant  of  the  cut 
surfaces,  with  regard  to  one  another,  is  in  an  opposite  direction  to  what  it  was  in  the 
flexed  state,  and  the  fore  part  of  the  articular  surface  of  the  tibia  is  in  contact  with  the 
femur. 


Fig.   /. 
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end  of  the  Iiiimerns,  between  the  points  of  attachment  of  the  late- 
ral ligaments.  Accordingly,  if  the  movement  at  the  knee  were 
also  of  the  true  hinge  kind,  the  whole,  or  one  part,  of  the  articular 
surface  of  the  tibia  would  remain  applied  against  some  portion  of 
the  condyles  of  the  femur  in  the  flexed,  as  well  as  in  the  extended, 
position. 

But  an  examination  of  the  knee  in  its  recent  state 

Tiu-ning  of  tibia 

upon  itself  ac-  (r  1-  XL  V 11.)  slicws  that  the  part  of  the  tibia  which  is 
reTOiutionupon  ^^^  coutact  witli  the  coudylcs  of  the  femur  varies  ac- 
femur  m  flexion  cordiuo-  to  the  positiou  of  the  ioint;  in  the  flexed  posi- 

and  extension.  o  i  j  i  i 

tion  (fig.  2)  it  is  the  hinder  part  of  the  articular  surface 
alone;  in  the  semiflexed  position  (fig.  1)  it  is  the  middle  part ;  and 
in  the  extended  position  (fig.  3)  it  is  the  anterior  and  middle  part. 
To  effect  this  change  there  must  be  a  turning  of  the  tihia  upon 
a  transverse  axis  drawn  through  its  own  upper  end,  in  addition  to 
the  revolution  of  its  articular  sm'face  round  an  axis  drawn  through 
the  lower  end  of  the  femur. 

Shifting  of  axis  Secondly,  the  knee  differs  from  an  ordinary  hinge- 
o  motion.  joint  in  the  fact  that,  in  flexion  and  extension,  the  tibia 
does  not  perform  the  whole  revolution  round  one  axis  drawn  trans- 
versely through  the  lower  end  of  the  femur;  inasmuch  as  the 
revolving  movement  is  accompanied  by  a  sliding  of  the  articular 
surface  of  the  tibia,  forwards  in  extension  and  backwards  in 
flexion ;  and  the  axis  of  its  revolution  is,  therefore,  continually 
shifting.  Suppose  the  joint  to  be  flexed  as  in  fig.  2;  when  exten- 
sion begins,  the  axis,  round  which  the  revolving  movement  of  the 
tibia  takes  place,  is  in  the  back  part  of  the  condyle  (fig.  1,  ^);  as  the 
movement  continues  the  tibia  slides  forward  beneath  the  condyle, 
and  the  axis  upon  which  it  revolves,  in  like  manner,  travels  forward 
to  B  and  C\  and,  in  flexion,  a  retrogTade  shifting  of  the  axis,  along 
the  same  line,  accompanies  the  sliding  back  of  the  tibia  to  its 
former  position. 

One  effect  of  the  former  of  these  concomitants   of 

The  eflfect  of  the  ^        .  -■  .  ■■  ,  „-,,-,  , 

turning  of  the  uexion  and  extension — the  turning  of  the  tibia  ujoon  its 
^-^iTo^.q^flll'^^^  own  axis — would  be  to  make  the  lower  end  of  the  tibia 

sion  and  nexion 

counterbalanced  travel  throuffh  a  larger  sesrment  of  a  circle  than   the 

by  the  sliding.  °       _  *  °        _ 

upper  end,  to  increase,   that   is  to   say,  the   range  of 
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extension  and  flexion  of  the  lower  part  of  the  leg  in  greater  propor- 
tion than  that  of  the  upper  part;  were  it  not  that  the  second  con- 
comitant, viz.  the  sliding  of  the  tibia  upon  the  femur,  would  tend 
to  produce  just  the  opposite  effect,  reducing  the  range  of  flexion 
and  extension  at  the  lower  part  of  the  leg  below  that  of  the 
upper;  and  it  appears  that  the  one  of  these  influences  about  coun- 
terbalances the  other,  and  leaves  the  segment  of  the  circle  de- 
scribed by  the  foot  corresponding  with  that  of  the  smaller  circle 
described  by  the  upper  end  of  the  tibia. 

Thirdly,  an  observation  of  the  dissected  joint,  when 
tibia  accom-  flcxion  and  extcusion  are  made,  shews  that,  in  addition 
pauymg  flexion  ^q  ^|-jg  sli(Jinp-  under  the  condyles  and  the  turning  upon 

and  extension.  ^  "^  o      i 

its  own  transverse  axis,  the  tibia  undergoes  a  slight 
rotation  upon  a  vertical  axis,  outwards  during  extension  and  inwards 
during  flexion.  This  is  most  observed  in  the  nearly  extended  state 
of  the  joint,  that  is  to  say,  near  the  termination  of  extension  and 
also  at  the  commencement  of  flexion;  and  it  gives  a  prominence  to 
the  head  of  the  fibula,  at  the  back  of  the  joint,  when  the  limb  is 
straight.  The  centre  of  this  motion  corresponds  with  a  nearly  ver- 
•  tical  axis  drawn  through  the  outer  condyles  of  the  tibia  and  femm* 
near  their  middle.  It  is  more  correct  to  speak  of  it  as  a  rotation  of 
the  thigh  upon  the  leg,  than  of  the  leg  upon  the  thigh  ;  because,  in 
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Fig.  I.  Upper  surface  of  head  of  left  tibia.  A,  inner  articular  facet.  B,  outer 
ditto.  C,  point  of  attachment  of  posterior  crucial  ligament.  D,  ditto  of  hinder  extre- 
mity of  internal  semilunar  cartilage.  E,  ridge  to  which  hinder  extremity  of  external 
semilunar  cartilage  is  attached.  F,  foramina  for  vessels  in  front  of  spine.  G,  points 
of  attachment  of  anterior  extremity  of  external  semilunar  cartilage.  H,  point  of 
attachment  of  anterior  crucial  ligament.  I,  ditto  of  anterior  extremity  of  internal 
semilunar  cartilage.     K  and  L,  internal  and  external  tubercles  of  spine. 

Fig.  2.  Upper  surface  of  head  of  tibia,  shewing  attachments  of  semilunar  car- 
tilages and  crucial  ligaments.  The  patella  (P)  and  the  tendon  of  the  rectus  femoris  {R) 
are  turned  down.  C,  the  posterior  crucial  ligament.  D,  the  posterior  extremity  of 
the  internal  semilunar  cartilage.  E,  ditto  of  the  external  semilunar  cartilage.  F, 
foramina  for  vessels.  G,  anterior  fibres  of  external  semilunar  cartilage.  H,  anterior 
crucial  ligament.  /,  anterior  part  of  internal  semilunar  cartilage.  M,  transverse 
ligament.  N,  mass  of  fat  beneath  ligamentum  j^atellag.  0,  roll  of  fat  surrounding 
edge  of  patella. 
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the  nearly  extended  state  of  tlie  knee,  the  lower  part  of  the  ex- 
tremitj  is  generally  fixed  by  the  planting  of  the  foot  upon  the 
ground,  which  prevents  any  rotation  of  the  leg  in  the  further 
straightening  of  the  joint.  One  effect  of  this  slight  rotation  of  the 
femur  inwards,  in  the  nearly  extended  condition  of  the  lower  ex- 
tremity, is  to  produce  a  slight  relaxation  of  the  anterior  accessory 
ligament  of  the  hip,  and  so  to  increase,  in  a  corresponding  degree, 
the  range  of  movement  of  that  joint. 

These  three  movements,  I  may  repeat,  are  all  ac- 

Pronation  and  .  ,/>n"  t  ,  •  i.i  ,• 

supination  of  companmients  ot  tlexion  and  extension;  and  the  rotation 
leg  m  flexed       -^  described,  as  occurrina;  in  the  nearly  extended  state 

position.  «^  '  o  J 

of  the  joint,  must  not  be  confounded  with  the  more  free 
rotation  of  the  leg,  also  upon  a  vertical  axis,  which  may  be  effected 
when  the  joint  is  bent.  This  latter  variety  of  rotation  is  sometimes 
called  jjronation  and  siqnnatwji  from  its  partial  similarity  to  that 
motion  in  the  forearm ;  and  these  terms  are  convenient,  inasmuch 
as  they  serve  to  distinguish  it  from  the  rotation  described  in  the 
last  paragraph.  But,  whereas,  in  the  instance  of  the  forearm,  one 
end  of  the  radius  revolves  round  the  ulna,  and  the  movement  is 
equally  free  in  every  position  of  the  elbow-joint,  in  the  case  of  the 
leg  the  tibia  and  fibula  revolve  together  upon  the  femur,  and  the 
movement  cannot  be  effected  at  all  in  the  extended  state  of  the 
joint.  It  begins  to  be  practicable  when  the  knee  is  bent  to  about 
an  angle  of  150*';  and  it  becomes  more  easy,  and  more  free,  as  the 
joint  becomes  more  bent.  The  axis  of  rotation  in  this  pronatory 
and  supinatory  movement  passes  through  the  spine  of  the  tibia 
nearer  to  the  inner  than  to  the  outer  articular  surface,  in  other 
words,  through  the  inner  tubercle  of  the  spine  of  the  tibia ;  and  the 
outer  condyle  of  that  bone,  consequently,  moves  in  the  segment  of 
a  larger  circle  than  does  the  inner  one. 

The  two  Articular  facets  upon  the  upper  surface  of 
articular  siir-  f^i^  tibia  rescmble  one  another  in  being  almost  flat  and 
faces  of  the       q£  oblono'  shapc  witli  the  greatest  diameter  from  before 

tibia.  ox  <-j 

backwards ;  and  they  are  nearly  parallel.  The  inner 
one  is,  however,  rather  longer,  rather  narrower,  and  rather  more 
concave;  and  its  inner  edge  rises  more  suddenly  into  the  inner 
tubercle  of  the  spine  (PI.  LII.  fig.  1).     The  outer  facet  is  almost 
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flat.  It  is  slightly  concave  in  tlie  transverse  direction;  but  it  is 
slightly  convex  from  before  backwards  (PI.  XL VII.),  inasmuch 
as  its  hinder  edge  is  rounded  off,  to  permit  the  semilunar  cartilage 
and  the  tendon  of  the  poplitasus  to  slide  upon  it  when  the  joint  is 
bent,  and  its  anterior  edge  is  flattened  to  permit  the  semilunar 
cartilage  to  pass  forwards  upon  it  during  the  slight  rotation  that 
accompanies  complete  extension  of  the  joint.  It  rises  more  gradu- 
ally than  the  inner  articular  facet  into  the  spine ;  and  this  increases 
the  antero-posterior  convexity  of  its  inner  part.  The  comparative 
flatness  of  the  outer  facet,  and  the  rounding  of  its  anterior  and 
posterior  edges,  permit  it  to  be  moved  forwards  and  backwards 
upon  the  femur  in  the  pronation  and  supination  of  the  leg,  more 
easily  than  the  inner  articulating  facet.  This  corresponds  with  the 
statement  just  made  that  the  centre  of  that  motion  is  nearer  to 
the  inner  than  to  the  outer  facet.  There  is  a  slight  depression  in 
each  facet  on  the  side  of  the  spine ;  the  cartilage  is  thickest  at 
this  part ;  it  is  particularly  thick  on  the  outer  facet  (PI.  LII. 
fig.  1) ;  the  chief  weight  is  borne  here  when  the  foot  is  planted  on 
the  ground ;  and  the  outer  condyle  of  the  femur  rotates  upon  this 
part  of  the  outer  facet  of  the  tibia  in  the  last  stage  of  extension. 

The  Spine  of  the  tibia  (PI.  LIL),  called  also  the 
space  between  Emlyientia  intermedia,  is  situate  nearer  the  hinder  than 
siirfacer^^^*^  the  autcrior  edge  of  the  upper  surface,  and  at  the  point 
where  the  two  articular  facets  approach  nearest  to  one 
another.  It  stands  up  into  the  interval  between  the  condyles  of  the 
femur  so  as  to  prevent  lateral  displacement.  Its  inne7'  tubercle  ( 0) 
is  larger  and  rises  higher  and  more  abruptly  than  the  outer  (P),  and, 
consequently,  presents  a  larger  surface  of  contact  to  the  side  of  the 
inner  condyle ;  this  is  probably  one  reason  that  displacement  of  the 
tibia  Miwards  from  the  femur,  in  the  course  of  disease,  takes  place  so 
very  rarely,  in  comparison  with  the  displacement  02«!fwards.  Imme- 
diately in  front  of  the  spine  are  two  or  three  foramina  for  vessels 
(PI.  XLVIII.  F)  marking  the  spot  where  ossification  of  the  epi- 
physis commenced.  Between  the  two  tubercles,  and  in  front  of  them, 
is  a  large  space  for  the  attachment  of  the  anterior  crucial  liga- 
ment (jy) ,  and  of  the  anterior  extremities  of  the  semilunar  cartilages 
( G  and  /) ,  and  for  the  lodgement  of  the  fat  which  lies  at  the  fore 
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part  of  the  joint,  Beliind  the  spine  is  a  smaller  space  for  the 
attachment  of  the  posterior  extremities  of  the  semilunar  cartilages 
[D  and  E)  and  of  the  posterior  crucial  ligament  ((7). 

The   Condyles  of  the  femu7\  like  the  articular  facets 

Sliape  of  the  d  J  J  ' 

condyles  of  the  on  tlic  tibia,  prescut  a  s'eneral  resemhlance  to  one  an- 

femiir.  ,  ^        '    ^  ^ 

other.  They  are  ohlong  from  before  backwards ;  and 
their  under  surface  is  convex  from  before  backwards  and  from  side 
to  side.  They  are  separate  behind,  but  run  together  in  front, 
uniting  there  to  form  a  trochlear  surface  upon  which  the  patella 
plays.  The  antero-posterior  curve  of  their  cartilaginous  surfaces 
is  by  no  means  uniform,  but  increases  in  sharpness  as  we  trace  it 
from  before  backwards.  The  under  parts  of  the  condyles,  upon 
which  the  weight  is  borne,  in  the  erect  posture,  present  large  and 
comparatively  flat  surfaces  to  the  tibia ;  while  the  hinder  parts, 
which  are  in  contact  with  the  tibia  in  the  flexed  position,  when 
there  cannot  be  much  weight  resting  upon  them,  are  round,  and 
present  surfaces  favoiu-able  to  the  pronation  and  supination  of  the 
tibia. 

There  are  many  points  of  difference  between  the  two 
tweenoutJr  coudylcs.  Tlic  outcr  is  directed  nearly  straight,  from 
and  inner          behind,  forwards ;  if  it  presents  any  lateral  curve,  the 

condyles.  ^  '  i.  j  ^ 

convexity  is  directed  towards  the  other  condyle.  The 
inner  is  inclined,  trom  behind,  obliquely  outwards  towards  the 
outer  condyle,  with  which  its  articular  surface  becomes  blended  in 
the  trochlea ;  it  presents  a  distinct  lateral  curve  Avith  the  concavity 
towards  the  other  condyle.  This  concavity  receives  the  inner  tu- 
bercle of  the  spine  of  the  tibia,  and  revolves  round  it  in  the  slight 
rotatory  motion  that  occurs  during  the  last  stage  of  extension.  The 
outer  condyle  is  broad,  increases  in  width  from  behind  forwards,  is 
sharply  cmwed  from  before  backwards,  behind,  but  is  comparatively 
flat  upon  its  under  surface,  both  in  a  transverse,  and  in  an  antero- 
posterior direction ;  and  its  under  surface  is  inclined,  from  within, 
outwards  and  downwards,  in  adaptation  to  the  slope  of  the  exter- 
nal articular  facet  of  the  tibia  (PI.  LII.  fig.  1).  The  inner  con- 
dyle is  narrower  than  the  outer ;  it  decreases  in  width  from  behind 
forwards ;  its  under  surface  is  more  convex  transversely,  as  well  as 
antero-posteriorly;  and  its  hinder  part  is  less  sharply  curved  from 
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before  backwards,  but  is  more  convex  from  side  to  side\  The  external 
margin  of  tlie  outer  condyle,  in  front,  is  more  prominent  than  the 
corresponding  part  of  the  inner  condyle;  which  is  for  the  purpose  of 
resisting  the  tendency  of  the  extensor  muscles  to  drag  the  patella 
outwards.  Indeed,  the  outer  condyle  is,  in  front,  altogether  more 
prominent  than  the  inner,  and  its  articular  surface  has  a  wider 
sweep ;  whereas  the  reverse  is  the  case  behind,  the  inner  condyle 
being  there  more  prominent  and  forming  part  of  a  larger  circle. 

Just  behind  the  trochlea  each  of  the  condyles  is 

Each  crossed  ^    ^  ^  _     ^ 

by  a  super-  crosscd  by  a  superficial  Ridge  passing,  from  its  inter- 
condyloid  or  apposed  edge,  obliquely  outwards  and  for- 
wards. These  ridges  are  placed  in  front  of  superficial  Grooves 
(PI.  XLVII.  D)  which  receive  the  inter  articular  cartilages  when 
the  joint  is  extended.  They  mark  off  the  part  of  the  joint  be- 
longing to  the  tibia  from  that  which  belongs  to  the  patella,  and 
they  are  not  subject  to  much  pressure,  either  from  the  tibia  or  the 
patella;  accordingly,  the  cartilage  is  thin  here,  and  we  not  unfre- 
quently  find,  when  the  movements  of  the  joints  have  been  impeded 
by  disease,  that  the  cartilage  is,  at  this  part,  covered,  or  replaced, 
by  a  band  of  connective  tissue.  This  occurs  mostly  upon  the  inner 
condyle^.  The  ridge  and  groove  upon  the  inner  condyle  are  in  a 
plane  anterior  to  those  of  the  outer  condyle,  which  disposition  has 
relation  to  the  greater  prolongation  forwards  of  the  inner  articular 


^  The  comparative  flatness  of  the  hinder  part  of  the  outer  condyle,  as  compared 
with  that  of  the  inner,  in  a  transverse  direction  (PI.  LII.),  favours  the  diiference  in  the 
movement  of  the  two  articular  surfaces  of  the  tibia  in  pronation  and  supination ;  inas- 
much as  the  outer  surface  slides  to  and  fro  upon  the  outer  condyle,  whereas  the  inner 
surface  rotates  upon  a  vertical  axis  drawn  through  the  outer  part  of  the  inner  condyle. 

^  "In  connection  with  this  partial  division  of  the  synovial  cavity,  by  means  of 
transverse  ridges,  aided  by  the  Liyamentum  acUj)OSum,  and  in  connection  also  with  the 
closer  relation  of  the  patella  to  the  inner  condyle  of  the  femur  in  the  lower  animals 
(mentioned  at  p.  482),  it  is  interesting  to  find  that  in  the  Ornithorynchus  Paradoxus 
the  knee-joint  is  divided  into  two  compartments  by  an  extension  of  the  ligamentum 
adiposum,  from  the  back  of  the  j^atella,  to  the  crucial  ligaments;  there  being  one  syno- 
vial cavity,  common  to  the  patella  and  anterior  part  of  the  femur  with  the  internal 
condyles  of  the  femur  and  tibia,  which  contains  the  internal  semilunar  cartilage ;  and 
a  second  common  to  the  external  condyles  of  the  femur  and  tibia  with  the  head  of  the 
fibula,  in  which  is  contained  the  external  semilunar  cartilage." — Catalogue  of  Museum 
of  Coll.  of  Surrjeons. 
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facet  of  the  tibia,  as  well  as  to  the  slight  rotation  of  the  femur  in- 
wards in  extension,  forasmuch  as  that  movement  causes  the  inner 
facet  of  the  tibia  and  the  internal  semikmar  cartilage  to  advance, 
forwards,  beyond  the  level  of  the  corresponding  parts  on  the  outer 
side. 

It  is  in  the  strength  and  disposition  of  the  ligaments 
that  we  are  to  look  chiefly  for  the  agents  by  which  the 
movements  of  the  joint  are  determined,  and  by  which  its  security 
is  provided  for.  Their  arrangement  is  such  as  to  adapt  them  to  the 
peculiar  combinations  of  movements  that  take  place  in  this  joint. 
Fom-  of  the  ligaments — the  two  "lateral"  and  the  two  "crucial" — - 
are  attached  to  the  condyles  in,  or  nearly  in,  a  line  with  the  iixis 
round  which  the  tibia  revolves  dming  a  considerable  part  of  the 
movement  of  flexion  and  extension ;  so  that  they  may  be  compared 
with  the  lateral  ligaments  of  true  hinge-joints ;  and  they  are 
placed  one  on  either  side  of  each  condyle.  The  crucial  ligaments 
are  nearly  tense  in  every  position  of  the  joint ;  and  they  assist  to 
regulate  and  limit  each  of  the  movements.  On  these  accounts,  as 
well  as  from  their  great  strength,  they  are  the  most  important  of 
the  ligaments.  The  two  "  lateral  ligaments"  are  tense  only  in  one 
position ;  and  their  ofiice  is  to  limit  extension  and  the  movements 
attendant  ujdou  it.  Herein  they  differ  from  the  lateral  ligaments 
of  the  elbow  and  other  true  hinge-joints,  which  are  tight  in  every 
position  of  the  joint,  and  which  prevent  all  movements  except 
those  of  flexion  and  extension.  A  fifth  ligament — the  "posterior 
ligament" — limits  extension  and  contributes  much  to  the  steadi- 
ness of  the  joint  in  that  position.  There  is  no  ligament  in  front 
of  the  joint,  and  none  which  has  the  direct  effect  of  limiting 
flexion ;  the  stop  to  this  movement  is,  under  ordinary  circum- 
stances, given  by  the  bulk  of  the  soft  parts  behind  the  joint,  be- 
fore either  of  the  ligaments  are  put  upon  the  stretch.  Besides  these 
ligaments,  there  are  the  "  semilunar-cartilages"  and  the  "  synovial 
lio'aments;"  the  office  of  which  is  not  so  much  to  limit  the  move- 
ments  of  the  joint,  as  to  fill  up  the  intervals  between  the  articular 
sm-faces  of  the  bones  in  different  positions. 

Internal  lateral  ^I'^Q  Irdevnal  lateral  ligament  (PL  XLIX.)  is  connect- 
ligament.  g,-|_  abovc,  witli  a  slight  depression  upon  the  "tubercle" 
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on  tlie  inner  side  of  the  internal  condyle  of  tlie  femur,  and,  Ise- 
low,  with  the  rough  ridge  which  descends  from  the  inner  side  of 
the  inner  condyle  of  the  tibia.  It  is  flat,  and  about  3^  inches  long; 
its  anterior  edge  [D)  is  thicker  and  more  defined  than  the  posterior 
(£'),  which  is  continuous,  in  the  upper  part,  with  the  fibres  of  the 
"posterior  ligament."  It  is  closely  applied  along  the  sides  of  both 
the  bones^  and  the  interarticular  cartilage,  and  is  connected  with 
the  latter  and  with  the  tibia  by  fibrous  tissue,  so  that  it  accom- 
panies them  in  the  movements  of  the  joint.  It  is  free  from  the  side 
of  the  femur  below  the  point  of  its  attachment,  to  permit  the  lower 
part  of  the  condyle  to  slide  to  and  fro  beneath  it  2. 
External  lateral  ^^^^  "tubcrcle"  On  the  external  condyle  of  the  femur 
ligament.  prescuts,  Oil  its  elongated  posterior  edge,  which  forms 

the  anterior  boundary  of  the  groove  for  the  tendon  of  the  poplitceus 
muscle,  three  superficial  depressions.  The  upper  and  hindmost 
of  these  (PI.  L.  A)  receives  some  of  the  tendinous  fibres  of  the 


'  Except  just  beneath  the  head  of  the  tibia,  where  the  incurvation  of  the  side  of  the 
bone  leaves  a  space  between  it  and  the  ligament,  which  is  occupied  by  fat,  and  which 
transmits  the  "inferior  internal  articular  artery." 

2  A  Posterior  internal  lateral  ligament  has  been  described  passing  from  the  inner 
edge  of  the  tibia,  just  in  front  of  the  semimembranosus  tendon,  to  the  femur  behind  the 
internal  lateral  ligament ;  it  is  closely  connected  with  the  internal  semilunar  cartilage, 
and  is  stretched  in  extension, — Meyer,  in  Miiller's  Archiv,  1853,  s.  506.  It  may  be 
regarded  as  a  part  {F)  of  the  internal  lateral  ligament,  and  scarcely  deserves  separate 
mention. 


DESCEIPTION   OF  PLATE  XLIX. 

Fig.  I.  Inner  side  of  left  knee-joint.  .4,  tendon  of  adductor  magnus.  B,  tendon 
of  gastrocnemius.  C,  internal  lateral  ligament.  These  are  attached,  near  together,  to 
the  internal  condyle  of  the  femur.  D,  thick  defined  anterior  edge  of  internal  lateral 
ligament.  E,  hinder  fibres  of  the  same,  radiating  backwards  and  blended  with  pos- 
terior ligament.  F,  a  portion  of  the  internal  ligament  ascending,  upwards  and  back- 
wards, from  the  tibia  to  the  posterior  ligament;  it  is  sometimes  called  the  posterior 
internal  lateral  ligament.  G,  the  semi-membranous  tendon.  H,  detachment  of  latter 
passing  down  hinder  surface  of  tibia.  /,  fibrous  band  which  connects  internal  semi- 
lunar cartilage  with  fore  part  of  head  of  tibia.  K,  tendon  of  rectus  femoris.  L,  tendo- 
patellce,  with  a  mass  of  fat  {M)  between  it  and  head  of  tibia. 

Fig.  2.  Inner  side  of  knee-joint  bent.  A,  B,  C.  D,  E,  F,  G,  I,  the  same  as  in 
preceding.     K,  the  posterior  ligament  thrown  into  folds. 
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gastrocnemius;  the  lower  and  and  foremost  (0)  gives  attachment 
to  the  tendon  of  the  jyo-plitcBus,  and  the  middle  one  [B)  gives 
attachment  to  the  External  lateral  ligament.  This  ligament  is  of 
cylindrical  shape,  and  2^  inches  long ;  it  is  attached,  below,  to  the 
depression  on  the  head  of  the  fibula,  which  is  just  external  to  the 
middle  of  its  articular  facet,  and  which  is  partly  surrounded  by  the 
prominence  for  the  insertion  of  the  biceps  tendon.  The  points  of 
attachment  of  the  ligament  stand  out  more  wide  of  the  joint  than 
do  those  of  the  internal  lateral  ligament ;  and  it  is  separated  fi-om 
the  joint,  from  the  interarticular  cartilage,  and  from  the  head  of  the 
tibia,  by  an  interval  containing  fat  and  areolar  tissue.  The  tendon 
of  the  ]3oplitceus  (0)  intervenes  between  it  and  the  lower  edge  of 
the  femm",  except  in  the  completely  flexed  state  of  the  joint,  when 
the  tendon  lies  along  its  own  groove.  Some  of  the  fibres  of  the 
hicejis  tendon  pass  over  the  lower  part  of  the  ligament,  in  their 
com'se  to  the  fore  part  of  the  fibula  and  to  the  adjacent  part  of  the 
tibia.  The  tendon  is  closely  united  to  the  ligament  by  tough  fibro- 
areolar  tissue,  so  as  to  exert  an  influence  in  giving  it  some  tension 
while  the  joint  is  being  bent. 

The  external  lateral  ligament,  therefore,  differs  from 
tweenthetwo  the  internal  in  the  following  respects.  It  is  of  rope- 
mente  ^^^  ^^'^  sliape ;  is  an  inch  shorter ;  the  point  of  its  attach- 
ment to  the  fibula  is  higher  than  that  of  the  internal 
ligament  to  the  tibia ;  and  its  point  of  attachment  to  the  condyle  of 
the  femur  is  a  little  lower  and  a  little  further  back^;  it  is  more  free 
from  the  joint ;  and  has  no  direct  connection  either  with  the  head 
of  the  tibia  or  with  the  interarticular  cartilage. 

Both  lateral  ligaments  lie  nearer  to  the  hinder  than  to 
iiiost^reia™ed  "^^^  ^^rc  part  of  the  joint,  which  alone  is  sufficient  to 
when  joint  is     xxidkj^  them  tifflit  in  the  extended,  and  relaxed  in  the 

bent.  °  ' 

flexed,  position  of  the  knee.  The  relaxation  is  more 
marked  in  the  external  ligament  than  in  the  internal,  which  per- 
mits to  the  external  condyle  of  the  tibia  the  free  movement  required 


1  A  pair  of  compasses  will  shew  this  at  once,  and  will  prove  that  the  sweep  of  the 
outer  condyle  round  the  point  of  attachment  of  the  external  lateral  ligament  is  smaller 
— is  part  of  a  smaller  circle — than  that  of  the  inner  condyle  round  the  corresponding 
point  of  attachment  of  the  internal  lateral  ligament. 
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for  its  revolution  round  the  internal  condyle  in  pronation  and  supi- 
nation of  the  leg  (page  527). 

Axis  of  flexion  The  point  of  attachment  of  each  lateral  ligament  to 

ofkn^ls  ob^  its  Condyle  represents,  nearly,  the  centre  around  which 
lique.  ii^Q  corresponding  articular  facet  of  the  tibia  revolves 

dm'ing  a  part  of  the  movement  of  flexion  and  extension  of  the 
knee;  and  a  line  drawn  between  the  points  of  attachment  of  the 
two  ligaments  represents  the  axis  of  motion  of  the  tibia.  This 
line  is  oblique,  in  consequence  of  the  point  of  attachment  of  the 
external  ligament  being  a  little  lower  and  more  backward  than 
that  of  the  internal  ligament.  The  direction  in  which  the  move- 
ment takes  place  is,  therefore,  also  oblique.  The  arrangement  is 
such  that  the  plane  which  is  occupied  by  the  tibia  in  the  most 
bent  position  of  the  knee  about  corresponds  with  that  of  the  femur; 
that  is  to  say,  it  slants  obliquely  upwards  and  outwards,  and  the 
leg  is  folded  up  against  the  thigh.  This  also  accords  with  the  fact 
that  the  hinder  part  of  the  external  condyle  is  smaller  than  that 
of  the  internal — i.  e.  forms  a  segment  of  a  smaller  circle.  When, 
however,  the  knee  is  extended,  the  upper  surface  of  the  tibia  comes 
into  contact  with  the  under  part  of  the  femur,  where  the  surfaces 
of  the  two  condyles  are  on  the  same  horizontal  level;  and  the  plane 
in  which  the  leg  is  then  placed  is  perpendicular  to  the  ground, 
though  oblique  with  regard  to  the  thigh.  In  the  extended  position, 
therefore,  each  leg  is  vertical,  and  in  a  plane,  parallel  with  that  of 
the  opposite  leg,  but  oblique  with  regard  to  that  of  the  thigh ;  in 
the  flexed  position,  it  is  in  the  same  plane  with  the  thigh,  but  is 


DESCRIPTION  OF  PLATE  L. 

Outer  side  of  left  knee-joint  extended.  A,  point  of  attachment  of  gastrocnemius. 
B,  external  lateral  ligament.  C,  poplitseus.  D,  external  semilunar  cartilage,  having 
no  distinct  fibrous  connection  with  fore  part  of  head  of  tibia.  E,  biceps  tendon 
attached  to  head  of  tibia  j  it  has  been  separated  from  tojj  of  fibula  (F)  and  turned 
down.     G,  tendo-patellae. 

The  same  bent.  A,  B,  C,  D,  E,  F,  G,  the  same  as  in  preceding.  H,  fibrous 
tissue  connecting  external  semilunar  cartilage  with  poplitseus.  The  external  lateral 
ligament  is  relaxed ;  and  the  semilunar  cartilage,  following  the  femur,  has  left  the  fore 
part  of  the  articular  surface  of  the  tibia. 


Fiq.l. 


Plccte  L . 


\in 
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oblique  with  regard  to  the  opposite  leg;  and  the  line  of  its  move- 
ment from  one  position  to  the  other  is  oblique  both  with  regard  to 
the  thigh  and  to  the  opposite  leg. 

Knock-kuee  This,  at  least,  is  the  case  in  the  natural  condition  of  the 

and  baudy-ieg.  i^nee,  wheu  the  condyles  of  the  femur  retain  their  proper 
form  and  relative  size.  Suppose,  however,  that  the  whole  surface  of  the 
outer  condyle  has  not  descended  to  the  same  level  with  that  of  the 
inner  condyle  (p.  476),  or,  which  is  no  uncommon  thing,  has  been 
flattened  by  the  weight  of  the  body ;  then,  although  the  leg  may  occupy 
its  natural  position  when  the  knee  is  bent,  it  will,  during  extension, 
slant  more  outwardly,  instead  of  becoming  vertical,  and  will  attain  its 
greatest  obliquity  when  the  joint  is  straight.  This  is  what  occurs  in 
cases  of  "  knock-knee."  In  "  bandy-leg"  the  slant  of  the  leg  is  in  the 
opposite  cbreetion,  in  consequence  of  the  relative  shortness  of  the  inter- 
nal condyle. 

If  the  relations  of  the  various  parts  of  the  articular 

Office  of  the  •'■ 

lateral  liga-  smface  of  either  condyle  with  the  axial  line,  or,  what 
is  the  same  thing,  with  the  point  of  attachment  of  its 
lateral  ligament,  (PI.  XLYII.  fig,  1,  A),  be  examined,  by  means 
of  lines  drawn  from  that  point  to  the  surface,  it  will  be  found  that 
the  hindermost  extremity  of  the  condyle  approaches  nearest  to  it 
(as  indicated  by  the  line  Al);  accordingly  when  the  tibia  is  brought 
into  contact  with  this  part  (as  in  fig.  2)  the  distance  between  the 
points  of  attachment  of  the  lateral  ligament  is  diminished,  and  the 
ligament  is  relaxed.  It  is  still  further  relaxed,  in  this  position,  by 
the  fact  of  its  being  the  hinder  part  of  the  tibial  facet  which  is 
now  in  contact  with  the  femm*.  The  distance  of  the  articular 
sm-face  of  tlie  condyle  from  the  point  indicated  as  the  axial  line 
increases  as  we  trace  it  forwards ;  quickly  at  first,  till  we  reach  the 
most  prominent  posterior  point  of  the  condyle  (2),  then  slowly, 
till  we  come  to  a  point  (3)  which  is  situated  nearly  vertically 
beneath  the  attachment  of  the  ligament  to  the  femur  in  the  straight 
position  of  the  limb.  After  this  the  distance  again  increases,  more 
quickly,  to  the  point  indicated  by  fig.  4.  It  follows,  accord- 
ingly, that  as,  during  the  extension  of  the  joint,  the  tibia  glides 
beneath  the  lines  A  2,  Ad,  and^  4,  the  lateral  ligaments  gradually 
become  tense.     The  tension  is  also  increased  by  the  slight  turning 
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of  the  tibia  upon  a  transverse  axis,  wliich  accompanies  extension ; 

and,  in  the  case  of  the  external  lateral  ligament,  by  the  rotation  of 

the  tibia  upon  a  vertical  axis,  which  occurs  in  the  last  stage  of 

extension.     Hence  the  ligaments  are  quite  relaxed  in 

They  are  _   ^  ^ 

relaxed  in         the  bent  positiou  of  the  joint;  and  do  not  interfere  with 

flexed  state ;         .  ,  .  -■ 

its  rotatory  or  other  movements ;  as  extension  proceeds 

they   are    gradually   tightened,    and    finally   become    quite   tense, 

holding  the  articular  surfaces  firmly  together.     In  the 

limit  extension,  .  ..  .  ..  .. 

straight  position  they  resist  additional  extension  by  not 
jjermitting  the  tibia  to  slide  upon  the  condyles  to  a  point  more 
distant  from  their  attachment  to  the  femur ;  they  resist  additional 
and  turnin"  tuminff  of  the  tibia  upon  a  transverse  axis  by  not  allow- 
of  tibia,  ij-^g  ^y^j  farther  separation  of  the  hinder  part  of  the  arti- 

cular facets  of  the  tibia  from  tlie  femur ;  and  they  resist  any  further 

rotation  of  the  tibia  outwards  upon  a  vertical  axis  by 

and  rotation.         ,         ^  . 

the  direction  which  they  have  now  assumed,  the  outer 
one  (PL  L.  fig.  1)  slanting  backwards  from  its  condyle  to  the 
fibula,  Avhile  the  inner  (PI.  XLIX.  fig.  1)  slants  a  little  forwards 
to  the  tibia. 

External  late-  ^^  ^^  somctiiiies  Stated  that  the  external  lateral  liga- 

raiKgament      ment  limits   nvoncdion  and  supination  of  the  leg,  by 

does  not  limit  -'■  -^  a'       j 

pronation  or  checking  tlic  play  to-and-fro  of  the  fibula  and  of  the 
outer  condyle  of  the  tibia  which  take  place  in  that 
movement;  but  this  is  not  the  case,  for,  when  the  joint  is  suffi- 
ciently bent  to  permit  pronation  and  supination  of  the  leg,  the 
ligament  is  too  much  relaxed  to  exert  any  restraining  influence ; 
and  after  it  has  been  cut  the  movement  is  quite  as  restricted  as  it 
was  before,  being,  in  reality,  limited,  as  we  shall  find,  by  the  crucial 
ligaments. 

Posterior  lioa-  '^^^^  Posterior  ligament   of  the  knee-joint  (PI.  LI. 

ment.  £g.^  2)  fg  go  closcly  United  with  the  surrounding  tendons 

tliat  it  is  difficult  to  define  its  precise  limits.  Below,  it  is  connected, 
ill  the  middle,  with  the  head  of  the  tibia,  just  behind  the  posterior 
crucial  ligament;  on  the  outer  side,  it  is  connected  with  the 
'poplitceus  muscle  {F),  and,  on  the  inner  side,  with  the  semimem- 
hixmosus  tendon  [B).  Above,  it  is  connected,  in  the  middle,  with 
the  poplitEeal  space  of  the  femur,  and,  on  either  side,  with  the  heads 
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of  the  gastrocnemii  ( G  and  E) .  It  is  composed  of  crossing  and 
interlacing  fibres,  with  large  orifices  between  them  for  the  passage 
of  the  posterior  articular  vessels.  A  strong  band  (A),  passing  from 
the  semimemhranosus  tendon,  obliquely  upwards  and  outwards,  to 
the  outer  head  of  the  gastrocnemius  (C),  forms  the  hinder  layer 
of  the  ligament;  sometimes,  indeed,  it  is  the  chief  constituent. 
Where  this  band  joins  tlie  gastrocnemius,  upon  the  outer  condyle 
of  the  femm-,  is,  commonly,  a  thick  mass  of  fibrous  tissue ;  and, 
sometimes,  a  sesamoid  bone  {D)  is  here  developed ^  The  pos- 
terior ligament  strengthens  the  back  of  the  knee-joint,  is  tightened 
dm*ing  extension,  and  assists  the  other  ligaments  in  limiting  that 
movement.  Its  connection  with  the  various  adjacent  flexor  mus- 
cles serves  to  bind  them  togetlier,  and  to  ensure  that  its  own  fibres, 
and  the  contiguous  glands  and  other  structures,  are  kept  from  being 
caught  betAveen  the  articular  surfaces  when  the  knee  is  bent. 

This  ligament  presents  an  obstacle  to  the  eruption,  into  the  syno- 
vial cavity,  of  abscesses  forming  in  the  ham.  It  is  liable  to  become 
contracted  in  consequence  of  disease,  or  from  other  cause;  and  it  may 
thus  prevent  extension  of  the  joint  after  the  disease  has  subsided.  I 
have  known  it  to  be  torn,  and  rent  away  from  the  femur,  by  forcible 
attempts  to  straighten  a  limb  under  these  circumstances. 

craciai  The  Gruciul  ligaments  are  situated,  in  great  measure, 

ligaments.  q^^  q^  siglit.  Like  thc  ligameutum  teres  of  the  hip, 
they  have  been  the  subject  of  much  discussion ;  and  very  conflicting 
accounts  of  their  use  have  been  given  by  different  anatomists. 
Weber's  2  description  is,  on  the  whole,  more  accurate  than  any 
other.  The  following  account  is  derived  from  careful  examina- 
tions of  the  joint,  dissected,  and  prepared  in  various  ways  for  thc 
purpose. 

The  Anterior  crucial  ligament  is  connected,  below, 

Tlie  anterior  •   i       i         f«  0     ^        •  n  i  /^     i 

With  the  tore  part  01  tlie  inner  tubercle  01  the  spine  ot 


1  A  sesamoid  bone,  in  the  origin  of  the  external  portion  of  the  gastrocnemius,  was 
noticed  by  VesaUus,  Lib.  i.  cap.  28  and  30,  r.  There  is  one  of  considerable  size  in 
the  hare  (Cambridge  Museum). 

^  Gehicerl-zeuge,  s.  184. 
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the  tibia,  and  with  an  oblong  eminence,  or  rough  space,  continued 
forwards,  from  the  spine,  alongside  the  margin  of  the  inner  articular 
facet.  (PI.  XLVIII.  li,  and  LI.  B.)  Its  fibres  here  lie  between 
the  fibres  of  insertion  of  the  anterior  extremity  of  the  external 
semi-lunar  cartilage,  which  splits  to  make  way  for  it.  From  this 
point  the  ligament  passes  obliquely,  upwards,  backwards,  and  out- 
wards, to  the  hinder  part  of  the  inner  side  of  the  external  condyle 
of  the  femur,  and  is  inserted  into  a  nearly  perpendicular  line  along 
the  side  of  the  ascending  articular  facet  of  the  condyle.  Its  com- 
ponent fibres  do  not  run  in  parallel  lines.  Those  which  pass  from 
the  foremost  point  of  the  tibia  ascend  to  the  highest  point  of  the 
line  on  the  condyle,  and  are,  consequently,  the  longest  (PI.  LII. 
figs.  2  and  3  G)]  they  are  also  the  strongest.  The  fibres  (IT), 
which  arise  from  the  lowest  point  of  the  condyle,  are  shorter  and 
more  oblique,  inasmuch  as  they  cross  behind  the  others  to  reach 
the  spine  of  the  tibia,  and  are  inserted  close  to  it.  We  shall  find 
it  convenient  to  call  these  the  "short  fibres  "  of  the  anterior  crucial 
ligament,  to  distinguish  them  from  the  others  or  "long  fibres." 
resists  displace-  '^^^^  obvious  usc  of  the  aiitcrior  crucial  ligament  is 
ment  of  tibia     ^q  prevcut  the  tibia  from  being  carried  too  far  forwards 

forwards  and  ^ 

limits  exten-  upoii  the  fcmur,  either  by  the  pull  of  the  extensor 
muscles  or  by  any  external  force ;  and  it  does  this,  more 
or  less,  in  all  positions  of  the  joint.  In  the  extended  position, 
when  its  services  are  most  needed,  all  its  fibres,  the  "long"  as  well 
as  the  "short,"  are  put  upon  the  stretch,  and  they  all  combine  to 
resist  any  further  extension  as  well  as  any  farther  sliding  forward 


DESCRIPTION  OF  PLATE  LI. 

Fig.  I .  Anterior  view  of  left  knee-joint  bent.  A ,  posterior  crucial  ligament.  B, 
anterior  ditto.  C,  internal  semilunar  cartilage.  D,  external  ditto.  E,  external 
lateral  ligament  relaxed.  F,  tendon  of  biceps  running  forwards  to  tibia  between  (7) 
upper  and  {K)  lower  portions  of  anterior  peroneo -tibial  ligament.  G,  tendo-patellse 
turned  down.     H,  tendon  of  poplitteus. 

Fig.  '2.  Left  knee-joint  extended,  seen  from  behind.  A,  ligamentum  posticum; 
the  thickest  portion  of  it  ascends  from  {B)  the  semimembranosus  to  (C)  the  outer 
head  of  gastrocnemius ;  D,  a  sesamoid  bone  at  its  junction  with  the  latter.  E,  inner 
head  of  gastrocnemius,  also  connected  with  lig.  post.  F,  poplitseus  muscle,  raised  a 
little  to  shew  {G)  the  posterior  peroneo-tibial  ligament.     H,  external  lateral  ligament. 


FlcuU-  LI . 
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of  the  tibia  upon  the  femur.  Indeed  they  would  not  permit  the 
extension  and  sliding  movement  to  go  quite  so  far  as  they  do,  if 
the  fibres  were  not  a  little  relaxed  by  the  accompanying  rotation  of 
the  tibia  outwards.  When  the  joint  is  bent  the  fibres  of  the  liga- 
ment gradually  become  somewhat  relaxed,  first  the  "  short"  fibres 
and  then  the  "long;"  but  the  relaxation  of  the  latter  is  very  slight. 
It   is  necessary  to  the  pronation  of  the  leg   that   the 

aud  pronation. 

ligament  should  be  a  little  relaxed;  for  when  it  is  on 
the  stretch  the  disposition  of  its  fibres,  particularly  of  its  "  short" 
fibres,  is  such  as  entirely  to  prevent  that  movement ;  accordingly, 
in  the  extended  position,  the  fibres  of  the  anterior  crucial  ligament 
combine  with  the  lateral  ligaments  to  resist  pronation  as  well  as 
any  fiu'ther  extension  of  the  leg.  During  flexion,  the  fibres  being 
somewhat  relaxed,  pronation,  within  a  certain  range,  is  permitted; 
and  the  range  is  increased  with  the  flexion  of  the  joint,  because 
the  fibres  of  the  ligament  are  more  and  more  relaxed.  The 
relaxation,  however,  under  any  circumstances,  as  just  stated,  is 
but  slight,  and,  in  all  positions  of  the  joint,  the  extent  to  which 
pronation  can  be  carried  is  limited  by  this  ligament. 
Is  kept  nearly  ^^  ^^  csscutial,  therefore,  to   the  movements  of  the 

tense  in  all       hiice    that    tlic    anterior   crucial    ligament    should   be 

positions  of  ^ 

the  joint,  somcwhat  relaxed  in  the  flexed  condition  ;  it  is  essential, 
also,  to  the  proper  limitation  of  these  movements,  and  to  the 
secm-ity  of  the  joint,  that  that  relaxation  should  be  slight ;  and  it 
is  by  the  peculiar  combination  of  movements  Avhich  takes  place 
that  the  requisite  condition  of  the  ligament  is  maintained.  For 
these  combined  movements  have,  to  a  certain  extent,  the  effect 
of  neutralizing  each  other's  influence  upon  the  ligament,  in  the 
following  manner.  The  flexion,  and  the  attendant  sliding  back,  of 
the  tibia  upon  the  femur  would  approximate  the  anterior  inter- 
articular  space  of  the  former  to  the  hinder  part  of  the  condyle  of 
the  latter ;  that  is  to  say,  would  approximate  the  points  of  attach- 
ment of  the  anterior  crucial  ligament,  and  would,  consequently, 
relax  it ;  but  the  other  movement  which  takes  place  at  the  same 
time — the  tm'iiing  of  the  tibia  upon  a  transverse  axis  (page  525) — 
would  have  the  contrary  effect,  and,  by  distancing  the  points  of 
attachment  of  the  ligament,  would  increase  its  tension.     So  nicely 
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are  tliese  opposing  influences  regulated  that,  although,  during 
flexion,  the  ligament  is  sufficiently  relaxed  to  permit  the  necessary 
pronation  and  other  movements  of  the  knee,  it  is  maintained  in 
such  a  condition  that  it  still  serves  to  restrain  those  movements 
and  to  assist  in  preventing  any  separation  of  the  bones. 

The  idea  that  the  anterior  crucial  ligament  is  the 

does  not  espe-  _  ....  . 

ciaiiy  limit  cspccial  agent  in  limiting  flexion  of  the  knee  has  pro- 
bably arisen  from  an  observation  of  the  fact  that,  in  the 
dissected  joint,  flexion  cannot  be  carried  beyond  an  angle  of  40'' 
or  35*^  without  tearing  the  ligament  from  its  point  of  attachment 
to  the  femur.  The  manner,  however,  in  which  its  fibres  are  in- 
serted into  the  bone  sufficiently  proves  that  it  is  not  intended  to 
bear  a  strain  in  this  direction ;  and  it  has  been  already  observed 
(page  532)  that  the  limitation  to  bending  of  the  knee  is  given,  not 
by  any  particular  ligament,  so  much  as  by  the  bulk  of  soft  parts  in 
the  ham. 

Posterior  crucial  ^^^^  Posterior  crucial  ligament  crosses  the  anterior, 
ligament.  ^^^^  jg^  [^  many  respects,  the  converse  of  it.     It  passes 

from  the  hindermost  part  of  the  fossa  between  the  articular  facets 


DESCRIPTION  OF  PLATE  LII. 

Fig.  I.  Vertical  section  from  side  to  side  through  left  knee-joint,  in  the  nearly 
extended  position.  A,  inner  condyle  of  femur.  £,  outer  ditto.  C,  internal  lateral 
ligament.  D,  cut  edge  of  internal  semilunar  cartilage  ;  £,  fibro-synovial  fold  from  its 
upper  margin  to  side  of  condyle  of  femur,  and  reflected  upon  the  latter ;  F,  similar 
fold  from  its  lower  margin  to  side  of  head  of  tibia.  G,  external  lateral  ligament.  If, 
cut  fibres  of  tendon  of  poplitaBus  muscle.  I,  cut  edge  of  external  semilunar  cartilage ; 
K,  fibro-synovial  fold  passing  from  its  upper  margin  to  side  of  condyle  of  femur ;  L, 
similar  fold  from  its  lower  edge  to  side  of  head  of  tibia.  These  folds  mark  the  extent 
of  the  cavity  of  the  joint  in  this  direction.  M,  fibres  of  anterior  crucial  ligament.  iV, 
ditto  of  posterior  crucial  ligament.     0,  inner  tubercle  of  spine.     P,  outer  ditto. 

Figs.  2  and  3  are  views  of  anterior  crucial  ligament  obtained  by  removing  the 
internal  condyle  of  the  femur.  Fig  2  is  in  the  extended,  and  fig.  3  is  in  the  flexed  posi- 
tion. ^,  cut  surface  of  femur  between  the  condyles.  B,  internal  articular  surface  of  tibia, 
with  internal  semilunar  cartilage  (C)  lying  upon  it.  D,  external  semilunar  cartilage. 
E,  transverse  ligament.  F,  posterior  crucial  ligament  divided  and  turned  back.  G, 
"long"  fibres  of  anterior  crucial  ligament.  IT,  "short"  ditto;  the  upper  end  of  these, 
in  the  extended  position  (fig.  2),  are  behind  the  others ;  but,  during  flexion,  they  pass 
on  the  outer  side,  and  in  fig.  3  are  seen  in  front  of  the  long  fibres. 
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for  resistance.  In  the  dissected  joint  the  posterior  crucial  liga- 
ment sets  a  limit  to  flexion  when  the  knee  is  bent  quite  to  an 
acute  angle;  but  in  the  living  subject  the  soft  parts  of  the  ham 
put  a  stop  to  the  approximation  of  the  leg  and  thigh,  before  the 
point  at  which  the  ligament  is  in  a  condition  to  do  so.  During 
the  first  stage  of  extension  the  ligament  is  a  little  re- 

limits  extension  ,  ,       .      ,  ,  ,  •         i        i 

laxed ;  it  becomes  less  loose  m  the  latter  stage  oi  the 
movement;  and  when  the  joint  is  straight,  all,  or  nearly  all,  of 
the  fibres  are  tense,  and  resist  any  further  revolution  of  the  con- 
dyle ;  indeed  they  would  not  permit  the  requisite  degree  of  ex- 
tension to  take  place,  if  they  were  not  somewhat  relaxed  by  the 
simultaneous  sliding  forwards  of  the  tibia  upon  the  femur. 

Tlie  posterior  crucial  ligament  exerts  little  or  no  in- 

and  supination.  .  r-     i       i  i  t     ■ 

fluence  upon  pronation  oi  the  leg,  that  movement  being 
checked  by  the  anterior  crucial  ligament  before  the  posterior  is 
tense.  It  serves,  however,  to  limit  supination  by  means  of  its  "  long" 
fibres.  These  hold  the  articular  surfaces  closely  together,  and  fix 
the  inner  condyle  of  the  femur  against  the  side  of  the  spine  of  the 
tibia  in  such  a  manner  as  to  constitute  a  very  effectual  lock,  Avhicli 
prevents  supination  being  carried  beyond  a  certain  point  in  any 
position  of  the  knee,  and  renders  the  movement  impossible  when 


DESCRIPTION  OF  PLATE  LIII. 

Views  of  posterior  crucial  ligament,  in  right  knee,  obtained  by  removing  the  ex- 
ternal condyle  of  the  femur.  Fig.  i  is  in  the  extended ;  fig.  2  is  in  the  flexed  position. 
A,  cut  surface  of  femur  between  the  condyles.  B,  external  articular  facet  of  tibia  with 
external  semilunar  cartilage  (C)  lying  upon  it.  D,  internal  semilunar  cartilage.  E, 
transverse  ligament.  F,  anterior  crucial  ligament ;  the  upper  part  has  been  removed 
with  the  condyle.  G,  ''short"  internal  fibres  of  posterior  crucial  ligament,  v\rhich 
are  tense  in  all  positions  of  the  knee  ;  in  the  extended  position  (fig.  i)  they  are  behind 
the  others ;  but  during  flexion  their  upper  ends  are  carried  forwards  beside  the  others, 
and  in  fig.  2  appear  quite  in  front  of  them.  H,  "long"  external  fibres  of  the  same  ; 
these  are  somewhat  relaxed  in  fig.  i  in  consequence  of  the  joint  being  extended  a 
little  beyond  the  natural  limit,  I  and  K,  fibres  of  external  semilunar  cartilage  passing 
into  hinder  and  fore  part  of  posterior  crucial  ligament.  L,  cut  end  of  poplitseus  muscle ; 
M,  fibres  passing  from  latter  to  semilunar  cartilage.  N,  upper,  and  0,  lower,  fibres  of 
anterior  peroneo-tibial  ligament ;  the  space  between  them  was  occupied  by  the  part  of 
the  biceps  tendon  which  passes  on  to  the  head  of  the  tibia  (PL  L.  E). 


Flate.  LIIL. 
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the  knee  is  quite  straight.  In  the  first  stage  of  flexion,  the  liga- 
ment is  a  little  relaxed,  and  some  supination  may  be  effected ;  and 
when  the  joint  is  bent,  the  movement  is  more  free,  although  the 
ligament  is  then  tight,  because  the  spine  of  the  tibia  is  not,  in  this 
position,  so  closely  applied  against  the  surface  of  the  condyle,  and 
because  the  inner  articular  surface  of  the  tibia  revolves,  iipon  the 
ball-like  hinder  part  of  the  condyle,  on  an  axis  which  nearly  cor- 
responds with  the  ligament. 

Is  nearly  tense  ^^  ^^  therefore  esscntial  to  the  movements  of  the 

in  au  positions  joi^t  that  the  fibrcs  of  this  ligament,  like  those  of  the 

of  the  joint.  ...  &  ' 

anterior  crucial  ligament,  should  be  somewhat  relaxed  in 
certain  positions  of  the  joint;  and  it  is  also  essential  to  the  proper 
limitation  of  the  movements,  and  to  the  security  of  the  joint,  that 
the  relaxation  should  be  slight ;  and,  in  this  instance,  as  in  the 
case  of  the  anterior  crucial  ligament,  the  requisite  condition  is 
maintained  by  the  counteracting  influences  which  the  simultaneous 
movements  of  the  joint  exert  upon  the  ligament.  Thus,  in  extension, 
when  the  sliding  of  the  tibia  forwards,  by  approximating  the  hinder 
edge  of  the  tibia  to  the  fore  part  of  the  condyle  of  the  femur,  tends 
to  relax  the  fibres,  so,  in  nearly  the  same  proportion,  does  the  dis- 
tancing of  the  hinder  edge  of  the  tibia  from  the  condyle,  by  the 
concomitant  turning  of  the  bone  upon  a  transverse  axis,  tend  to 
maintain  the  tension  of  the  ligament ;  it  does  this  enough  to  give 
steadiness  to  the  joint,  and  to  limit  its  movements,  though  not 
enough  to  prevent  the  latter  altogether. 

The  proper  combination  of  movements  in  the  knee 

Combinations  .         .  .  •    i     t 

of  movements  uot  Only  mamtaius  that  condition  ol  the  crucial  liga- 
propeTTOndi-  nicuts  whicli  IS  requisite  for  the  play  and  security  of  the 
tion  of  crucial    ^qI^-^i  q^^i^  proves,  in  this  way,  a  cause  of  the  efficiency 

ligaments  and     •>  '  l  '  ./  '  -j 

necessitated       of  the  ligaments ;   but  it  may  be  regarded  also  as  a 

by  them.  .  i  •    i         i 

necessary  consequence  ot  the  maimer  m  wiiicli  those 
ligaments  are  arranged.  For  instance,  owing  to  the  disposition 
of  the  anterior  crucial  ligament,  flexion,  and  turning  of  the  tibia 
on  a  transverse  axis,  could  not  take  place  without  being  accom- 
panied by  the  sliding  of  the  tibia  backwards ;  and,  owing  to  the 
disposition  of  the  posterior  crucial  ligament,  the  sliding  of  the  tibia 
backwards,  in  flexion,  could  not  take  place  without  the  attendant 


544  THE   JOINTS    OF   THE    LOAVER    EXTREIMITY. 

turning  of  tlie  tibia.  Again,  the  posterior  crucial  ligament  re- 
quires the  sliding  forward  of  the  tibia  to  be  an  attendant  on  exten- 
sion ;  and  the  anterior  crucial  ligament  does  not  permit  the  slid- 
ing movement  to  take  place  unless  it  be  acconijDanied  by  the  turn- 
ing of  the  tibia  upon  a  transverse  axis,  and  a  slight  rotation  of 
the  same  bone  upon  a  vertical  axis  (page  526).  It  is  evident, 
therefore,  that  the  ligaments  and  the  articular  surfaces  bear  such 
relation  to  each  other  in  their  construction,  that  the  proper  tension 
of  the  former,  and  the  proper  movements  of  the  latter,  are  mutually 
dependent.  The  crucial  ligaments  possess  all  the  advantages  of 
the  lateral  ligaments  of  an  ordinary  hinge-joint,  inasmuch  as  they 
maintain  a  uniform,  or  nearly  uniform,  tension  in  all  positions  of  the 
joint,  and  possess  the  additional  advantage  of  not  restricting  the 
movements  to  those  of  flexion  and  extension \ 

The   Interarticular   ■fihro-cartilaqes,    called   also  the 

Interarticular  _ 

orsemUunar  Semilunar  cartilages^  are  appendages  to  the  tibia,  being 
connected  witli  it  by  both  their  extremities  and  accom- 
panying it  in  its  chief  movements  upon  the  femur.  They  are 
bands  of  fibro-cartilage  curved  so  as  to  be  adapted  to  the  shape  of 
the  articular  facets  betAveen  which  they  are  interposed.     Their  con- 


^  Examining  the  undissected  knee-joints  of  a  male  adult  subject,  I  found  the  ten- 
sion of  the  anterior  crucial  ligament  not  decidedly  affected  by  position  : — only  a  little 
diminished  by  flexion.  The  posterior  crucial  ligament  was  tight  when  the  joint  was 
extended,  a  little  relaxed  in  semiflexion,  and  again  tight  in  the  completely  bent  state. 
Division  of  either  ligament  alone  made  very  little  diflPerence  to  the  joint,  except  that, 
in  the  extended  position,  it  was  rather  less  firm  after  the  posterior  crucial  ligament  had 
been  cut,  in  consequence  of  the  back  part  of  the  tibia  not  being  held  so  firmly  to  the 
femur.  When  both  ligaments  were  cut  there  was,  in  addition,  preternatural  loose- 
ness of  the  joint  in  the  flexed  position ;  the  tibia  could  be  moved  backwards  and 
forwards  upon  the  femur,  as  well  as  rotated  more  freely,  but  lateral  displacement  was 
still  prevented  by  the  projecting  sj^ine  of  the  tibia,  aided  by  the  lateral  ligaments  and 
other  soft  parts.  I  did  not  find  that  the  crucial  ligaments  were  tightened  alternately, 
the  posterior  in  flexion,  and  the  anterior  in  extension,  as  stated  by  Weber,  Gehwerk- 
zeuge,  s.  185 ;  but  that  some  fibres  of  each  were  tense,  or  nearly  tense,  in  all  positions. 

Dr.  Stark,  Ud.  Med.  mid  Surg.  Journal,  lxxiv.  has  related  two  cases  of 
"rupture  of  the  crucial  ligaments."  In  each  the  accident  was  attended  with  an 
audible  snap,  and  the  patient  lost  the  power  of  supporting  the  body  on  the  limb,  in 
consequence  of  the  knee-joint  bending  backwards.  The  recovery  was  slow,  though 
nearly  complete.  The  exact  nature  of  the  injury  could  not,  of  course,  be  certain  in 
those  cases ;  it  must  have  involved  some  stretching,  at  least,  of  the  latei'al  and  posterior 
ligaments,  if  the  bending  backwards  took  j^lace  to  any  great  extent. 
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vex  edges  are  thick,  and  miited  to  the  synovial  membrane  and  sm- 
romiding  tissues ;  their  inner  edges  are  thin  and  free ;  their  under 
surfaces  are  comparatively  flat  to  rest  upon  the  facets  of  tlie  tibia ; 
their  upper  surfaces  are  concave  to  receive  the  condyles  of  the 
femm-.  They  are  thickest  and  deepest  at  their  hinder  parts,  and 
gTadually  become  thinner  and  narrower  as  they  pass  forwards. 
In  the  greater  part  of  their  extent  their  structure  is  very  compact 
and  gristly;  near  their  extremities  it  becomes  looser  and  more 
fibrous. 

The  Internal  semilunar  cartilaqe   (Plate  XLVIII.) 

TheinternaL        .  ,  .  .  . 

IS  attaclied,  behind  (D),  to  a  short  oblique  ridge,  which 
runs  from  the  inner  tubercle  of  the  spine  of  the  tibia,  backwards 
and  outwards,  to  the  outer  articular  facet ;  also  to  the  space  im- 
mediately behind  the  ridge,  between  it  and  the  posterior  crucial 
ligament  [C).  Anteriorly  (/),  it  is  attached  to  an  eminence  be- 
tween the  articular  facets,  in  front  of  the  anterior  crucial  ligament 
{H).  Its  extremities  are,  therefore,  separated  by  a  considerable 
interval,  in  which  are  situated  the  tubercles  of  the  spine  (/i  andX), 
the  two  extremities  of  the  external  semilunar  cartilage  [G  and  E), 
and  the  anterior  cmcial  ligament  {H).  Its  thick  convex  edge  is 
connected  with  the  synovial  membrane,  with  the  internal  lateral 
ligament,  and  with  the  tendon  of  the  semimembranosus  muscle 
(PI.  XLIX. /;  LII.  fig.  1,  D). 

The  External  semilunar  cartilage  (Plate  XLVIII.) 

is  small  and  much  more  sharply  curved  than  the  inter- 
nal, forming  almost  a  complete  circle.  It  is  attached,  behind  {E), 
to  the  hinder  edge  of  the  outer  "tubercle"  of  the  spine  of  the 
tibia,  and  sends  a  prolongation  inwards,  along  the  front  of  the 
ridge  to  which  the  inner  semilunar  cartilage  [D)  is  attached,  as 
far  as  the  inner  tubercle  of  the  spine  {K).  In  front  of  this  pro- 
longation it  is  separated  from  the  antsrior  crucial  ligament  [H)  by 
loose  areolar  tissue,  and  by  vessels  passing  into  the  foramina  of  the 
bone  {F).  Anteriorly  (6^),  the  external  semilunar  cartilage  is 
attached  to  the  tibia,  just  in  front  of  the  outer  tubercle  {L)  of  the 
spine,  its  fibres  passing  beneath  those  of  the  anterior  crucial  liga- 
ment [H).  One  narrow  strip,  detached  from  the  rest,  runs  in  front 
of  this  ligament  and  separates  it  from  the  extremity  (J)   of  the 

35 
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internal  semilunar  cartilage.  The  external  semilunar  cartilage  is 
less  closely  connected  with  surrounding  tissues  than  the  internal, 
and,  consequently,  slides  more  freely  than  it  upon  the  articular  facet 
of  the  tibia,  the  flatness  of  which  is  favourable  to  such  movement. 
Behind,  the  external  semilunar  cartilage  is  attached,  by  means  of 
fibrous  and  synovial  membrane  (PL  LIII.  M),  to  the  tendon  of  the 
poplitseus  (Z),  which  lies  close  upon  it  and  separates  it  from  the 
external  lateral  ligament ;  it  is  attached,  also,  to  the  posterior  liga- 
ment; and  some  of  its  fibres  pass  into  the  liinder  part  (7),  and 
others  into  the  fore  part  [K),  of  the  posterior  crucial  ligament. 
These  connections  are  not  sufficiently  close  to  prevent  its  being- 
pressed  backwards  over  the  edge  of  the  tibia  during  flexion,  and 
drawn  forwards  upon  the  articular  facet  during  extension  (PI.  L.). 
The  anterior  part  of  its  circle  is  even  more  free  than  the  posterior, 
which  permits  it  to  be  drawn  far  back  upon  the  articular  facet  of 
the  tibia,  and  to  be  kept  in  close  contact  with  the  condyle  of  the 
femur,  when  the  joint  is  bent. 

The  chief  use  of  the  semilunar  cartilages  is  to  deepen 

Office  of  the  .  '^  ■■- 

semilunar  car-  and  cxtcud  the  spacc  for  the  reception  of  the  condyles 
of  the  femur,  and  so  to  relieve  the  articular  surfaces, 
both  of  the  tibia  and  femur,  from  undue  pressure  at  particular 
points.  They  adapt  themselves  to  the  varying  shape  of  the  surface 
of  the  femur,  which  rests  upon  the  tibia ;  being  squeezed  out  into 
a  larger  circle  during  extension,  and  again  contracting  so  as  to 
cling  round  the  smaller  hinder  parts  of  the  condyles  in  flexion. 
The  fore  part  of  each  is  less  fixed  than  the  hinder,  so  that  it  may 
be  free  to  follow  up  the  condyle  as  the  latter  recedes  from  the  front 
of  the  tibia  in  flexion,  and  be  pressed  back  again  into  its  place  in 
extension.  This  change  of  position,  to  and  fro  with  the  condyle, 
they  move  with  ^^  most  marked  in  the  outer  semilunar  cartilage.  In 
the  tibia  in       flexiou  and   cxtcnsion   the  cartilages  follow  the  tibia, 

flexion  and  ex-  ^ 

tension,  with     and  movc  with  it  upon  the  femur;  but  in  supination  and 

the  femur  in  .  i       /.  t  •  i    • 

supination  and  pronation  they  adhere  to  the  temur,  and  move  with  it  upon 
pionation.  ^j^^  tibia.  Tlic  flat  surface  of  the  outer  facet  of  the  tibia, 
and  its  slight  connection  with  the  external  semilunar  cartilage,  are 
particularly  favourable  to  the  sliding  of  the  facet  beneath  the 
cartilage  and  the  condyle  of  the  femur;  and  it  will  be  remembered 
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that  the  movement  is  more  free  on  this  than  on  the  inner  side,  in 
consequence  of  the  centre  of  the  motion  being  internal  to  the 
spine  of  the  tibia  (page  527). 

Fm-ther,  the  semilunar  cartilages  serve  to  occupy 
between^m'^'^^^^is  angular  intervals  between  the  articular  surfaces  of 
faces  of  femm-   ^]^q  conclvles  of  the  femur  and  tibia,  which  vary  in 

and  tibia.  "^  •' 

size  and  depth  very  greatly  in  the  different  positions  of 
the  joint,  owing  to  the  fact  that  the  condyles  present,  at  one 
time,  a  nearly  flat,  and,  at  another,  a  nearly  spherical,  surface  to 
the  tibia ;  and  had  these  intervals  been  occupied,  like  similar 
spaces  in  other  joints,  merely  by  processes  of  the  synovial  mem- 
brane, such  processes  would  have  been  very  liable  to  injurious 
squeezing  between  the  articular  surfaces,  during  the  free,  rapid, 
and  varied  movements  of  the  joint.  The  tough  structure  and  the 
shape  of  the  semilunar  cartilages  admirably  adapt  them  to  serve 
this  purpose ;  for,  closing  in  upon  the  condyles  in  flexion,  and 
sliding  forwards  again  in  extension,  they  fill  up  the  intervals 
between  them  and  the  tibia,  prevent  the  entrance  of  other  structures, 
and  suffer  no  injury  themselves.  Their  tough  elastic  structure 
also  enables  them  to  assist  the  articular  cartilages  in  interrupting 
the  transmission  of  the  jarring  vibrations  that  must  take  place 
betn'een  the  long  bones  of  the  leg  and  thigh  in  walking  and 
running.  They  do  this  most  effectively  when  they  are  flattened 
out  between  the  articular  surfaces  in  the  extended  position  of  the 
joint ;  and  it  is  then  that  such  jars  are  most  likely  to  occur.  The 
adjustment  of  the  fibro-cartilages  to  the  varying  shape  of  the  arti- 
cular surface  of  the  femur  during  flexion  is  due,  partly,  to  their 
elastic  quality,  and,  partly,  to  their  connections  and  the  pressure  of 
suiTOimding  parts. 

"We  frequently  hear  of  dislocation  of  these  fibro-cartilages;  but  I  am 
not  a^vare  that  the  displacement  has  been  proved  in  any  case  by  dissec- 
tion, and  can  scarcely  understand  how  it  should  take  place,  their  convex 
edges  being  connected  with  the  synovial  membrane  all  round.  Slight 
derangements  of  them,  or  of  some  of  the  structures  of  the  knee-joint, 
are,  however,  not  unfrequent,  as  the  result  of  sprains  or  sudden  twists 
of  the  joint ;  they  are  attended  with  great  lameness,  and  with  in- 
ability to  flex  or  extend  the  limb ;  and  the  symptoms  may,  sometimes, 

35—2 
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be  suddenly  relieved  by  manipulation,  such  as  quickly  and  forcibly  bend- 
ing or  extending  the  joint,  or  pressing  the  leg  to  one  side.  Mr  Hey' 
first  drew  attention  to  these  cases.  I  have  seen  several  instances  of 
the  kind,  but  can  form  no  more  distinct  idea  of  the  exact  nature  of 
the  derangement  that  takes  place  than  that  eminent  surgeon  appears 
to  have  done. 

Synovial  ^^^^   Synoviol  membrane   of  the  knee  is   of  great 

membrane,  extent;  and  the  cavity  which  it  encloses  is  more  spacious 
than  that  of  any  other  joint.  It  forms  a  large  cul  de  sac  on  the 
fore  part  of  the  femur,  beneath  the  quadriceps  muscle;  it  invests 
the  circumference  of  the  lower  end  of  the  femur,  and  is  reflected 
from  it  upon  the  tendons  of  the  gastrocnemii  behind,  and  upon 
the  internal  lateral  ligament  and  the  tendinous  expansion  of  the 
quadriceps  in  other  parts,  and  a  process  covers  the  fore  part  of 
the  crucial  ligaments;  it  passes  upon  the  upper  and  lower  surfaces 
of  the  semilunar  cartilages,  and  extends  a  short  way  round  the 
circumference  of  the  head  of  the  tibia.  It  bulges  out  a  little  above 
and  below  the  semilunar  cartilages  (PI.  LII.  D,  E,  F,  /,  K,  L) ;  so 
that  the  latter  occupy  a  circular  depression  in  the  contoiu'  of  the 
joint,  which  becomes  much  more  manifest  when  the  membrane  has 
been  long  distended  with  fluid,  or  has  undergone  thickening  of  its 
substance.  One  process  of  the  synovial  membrane  invests  a  great 
part  of  the  circumference  of  the  poplitaeus  tendon,  and  extends 
downwards  upon  it  to  a  variable  distance.  This  process  sometimes 
reaches  and  is  blended  with  the  fibular  joint,  and  so  establishes  a 
communication  between  it  and  the  knee. 

its  internal  Besidcs  the  numcrous  sheaths  and  bulging  sacs,  invest- 
processes,  j^^  ^^^  passiug  bctwcen  the  various  structures  that 
enter  into  the  composition  of  this  complicated  joint,  the  synovial 
membrane  furnishes  very  large  processes,  which  project  into  the 
interior  of  the  joint,  and  which,  being  occupied  by  fat,  serve  as 
padding  to  assist  in  filling  up  the  spaces  between  the  articular  sur- 
faces of  the  bones.  One  of  these  forms  a  fold  round  the  patella, 
encircling  and  often  overlapping  the  edge  of  the  bone  (PI.  XL VIII. 


^  "On  internal  derangement  of  the  knee-joint,"  Practical  Observations  in  Surgery, 
1803. 


i 
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fig.  2,  0).  Anotlier  large  process  covers  a  great  lobulated  mass 
of  fat  (iV),  wliich  lies  below  the  patella,  beneath,  and  on  either 
side  of,  the  ligamentiim  patellEe ;  it  is,  in  the  middle,  prolonged 
into  a  narrow  strip  which  reaches  the  fore  part  of  the  intercon- 
dyloid  space  of  the  femur,  and  is  attached  there;  on  either  side 
it  is  spread  ont  into  an  angular  fold  which  occupies  the  inter- 
val between  the  articular  surfaces  of  the  tibia  and  femur.  This 
Alar  and  trans-  median  proccss  and  the  lateral  folds  are  called  the  Alar 
verse  ugaments.  Ugaments.  A  uarrow  fibrous  crescentic  band  (if)  run- 
ning beneath  the  alar  ligaments,  from  the  fore  part  of  one  semilunar 
cartilage  to  the  other,  is  called  the  Transverse  ligament;  it  serves  to 
keep  the  semilunar  cartilages  and  the  fatty  and  synovial  processes 
in  their  places. 

The  numerous  folds  of  the  synovial  membrane,  giving  rise  to  so 
great  an  extent  of  sin^face,  the  variety  and  range  of  movements  of  the 
joint,  the  size  of  the  articular  surfaces,  and  the  exposed  position  of  the 
knee  render  diseases  here  very  common  and  very  intractable,  more  so 
than  in  any  other  joint.  When  the  synovial  membrane  becomes  thick- 
ened, which  is  so  often  the  case,  its  outline  may  be  clearly  distinguished 
in  thefiront  of  the  knee;  and  the  depressions  occupied  by  the  semilunar 
cartilages  may  often  be  traced. 

SUMMARY. 

It  will  have  been  remarked  that,  in  the  knee,  each  ligament  ful- 
fils two  or  more  purposes,  and  that  some  of  the  movements  are  limited 
by  two  or  more  ligaments.  The  joint  is  never  entirely  dependent 
upon  atmospheric  pressure  for  the  apposition  of  its  articular  surfaces, 
inasmuch  as  one  or  more  of  the  ligaments  is  tight  in  every  posi- 
tion; hence  each  movement  (the  knee  not  being  a  true  hinge-joint) 
has  a  tendency  to  relax  certain  ligamentous  fibres  while  it  gives 
tension  to  others;  and  it  is  by  the  peculiar  combination  of  move- 
ments that  take  place,  and  the  peculiar  adaptation  of  the  articular 
sm-faces  and  the  ligaments  to  one  another  and  to  these  movements, 
that  the  requisite  tension  of  some  fibres,  and  the  relaxation  of 
others,  is  effected,  and  effected  in  such  a  manner  that,  in  certain 
positions,  the  greater  number  of  the  ligaments  are  tense,  to  give 
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more  resisting  power  to  tlie  joint,  and,  in  others,  the  greater  niim- 
Iber  are  relaxed,  to  permit  more  movement. 

In  the  nearly  straight  position  of  the  joint — the 
rendered  te'nsT  ^  position  in  whicli  it  usuallj  is  when  the  limb  is  placed 
^"^sltrr^^*^  upon  the  ground  in  walking — the  lateral  ligaments  and 
the  anterior  crucial  ligaments  are  tense,  holding  the 
articular  surfaces  closely  together  and  preventing  any  pronation  or 
supination.  In  the  further  straightening  of  the  joint,  which  takes 
place  as  the  trunk  is  brought  perpendicularly  over  the  limb,  these 
ligaments  are  still  maintained  in  a  uniform  state  of  tension  by 
the  combination  of  the  four  movements  (the  revolution  of  the  tibia 
upon  the  femur,  the  turning  of  the  tibia  upon  a  transverse  axis,  the 
rotation  of  the  tibia  upon  a  vertical  axis,  and  the  sliding  of  the 
tibia  forwards  upon  the  femur)  which  take  place,  and  which  affect 
each  of  the  fom*  ligaments  in  a  somewhat  different  way.  Thus; 
the  continuance  of  the  revolving  of  the  tibia  upon  the  femur  tends 
to  increase  the  tension  of  all  four ;  the  turning  of  the  tibia  upon 
a  transverse  axis  tends  to  increase  the  tension  of  the  lateral  liga- 
ments but  to  relax  the  crucial ;  the  sliding  forwards  of  the  tibia 
tends  to  relax  the  lateral  and  to  tighten  the  crucial ;  and  the  rota- 
tion of  the  tibia  upon  a  vertical  axis  has  little  or  no  effect  upon 
the  internal  lateral,  but  tends  to  tighten  the  external  lateral  liga- 
ment, and  to  relax  the  anterior  crucial.  The  movements  are,  how- 
ever, so  combined,  that  the  tension  of  all  four  is  preserved ;  and 
as,  owing  to  the  shape  of  the  condyles,  a  continuance  of  exten- 
sion beyond  the  straight  line  would  be  attended  with  an  increased 
tension  of  them  all,  without  any  compensating  relaxation  of  any, 
it  is  checked  by  their  united  force,  aided  by  the  posterior  liga- 
ment. Thus  the  extension  of  the  knee  beyond  the  straight  line  is 
more  or  less  resisted  by  all  the  ligaments  of  the  joint ^. 


^  In  a  case  of  dislocation  of  the  tibia  forwards  upon  the  femur  which  I  dissected, 
the  crucial  ligaments  were  torn  through,  the  anterior  near  its  connection  with  the  tibia, 
the  posterior  near  its  connection  with  the  femur;  the  external  lateral  ligament,  the 
tendon  of  the  biceps,  and  the  head  of  the  fibula,  were  separated  together  from  the 
shaft  of  the  bone ;  the  internal  lateral  ligament  remained  entire  ;  the  semilunar 
cartilages  retained  their  connection  with  the  head  of  the  tibia;  the  posterior  ligament 
was  much  torn.    The  accident  was  caused  by  a  heavy  weight  falling  upon  the  limb.  In 
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This  provision  is  important,  inasmuch  as  in  the  com- 

and  bear  the  ■■■  ^  ' 

weigiit  of  the     pletclj  extended  position  of  the  knee  (owing  to  the  in- 

body,  re-  i  •  •  r-  t         p 

lieraig  the  chnatiou  forwards  of  the  neck  and  head  of  the  femur  and 
of  the  lower  part  of  the  tibia)  the  line  of  gravity  falls, 
from  the  middle  of  the  hip,  to  the  middle  of  the  ankle,  in  a  plane  a 
little  in  front  of  the  point  of  bearing  of  the  femur  upon  the  tibia. 
The  tendency  of  the  weight  of  the  body  in  this  position,  therefore, 
necessarily  is  to  increase  the  extension  of  the  knee ;  but,  being 
resisted  by  all  these  ligaments,  the  practical  effect  is  to  keep  the 
joint  straight,  without  the  aid  of  any  muscular  exertion.  Hence 
we  find  this  to  be  a  position  of  ease ;  in  the  "  stand  at  ease"  pos- 
tm'e  of  drill,  the  knee  of  the  limb  upon  which  the  soldier  rests 
is  in  its  most  extended  condition,  the  weight  is  borne  entirely  by 
the  bones  and  ligaments,  and  the  muscles  are  allowed  to  be  at  rest. 
If  now,  dm-ing  this  inactive  condition  of  the  muscles,  a  sudden  and 
unexpected,  though  slight,  pressure  be  made  in  the  ham,  the  joint 
easily  yields  and  becomes  a  little  bent ;  and,  the  line  of  gravity  now 
falling  behind  the  point  of  bearing  of  the  tibia  upon  the  femur, 
the  man  will  drop,  unless  the  muscles  come  quickly  to  the  rescue 
— a  fact  which  has  not  escaped  the  observation  of  school-boys. 

Flexion  of  the  knee  is  limited  by  the  bulk  of  soft 
nation"and'  pai'ts  situatcd  behind  the  joint.  When  these  have  been 
supination;       removcd  it  is  limited  by  the  crucial  ligaments.    Prona- 

how  limited.  •'  ° 

tion  and  supination  are  prevented,  in  the  extended  posi- 
tion, by  the  shape  of  the  articular  sm-faces,  and  by  the  close  manner 
in  which  they  are  held  together  by  the  several  ligaments.  When 
the  knee  is  bent,  pronation  is  limited  by  the  anterior  crucial  liga- 
ment, and  supination  is  limited  by  the  long  fibres  of  the  posterior 
crucial  ligament.  In  the  latter  movement  the  crucial  ligaments  are 
untwisted  or  separated  from  one  another :  in  the  former  they  are 
twisted  more  closely  together ;  but  it  does  not  appear  that  the 
mutual  pressure  of  the  ligaments,  caused  by  this  twisting,  has  so 
much  influence  in  limiting  pronation  as  the  cause  I  have  assigned, 
viz.  the  tension  of  the  fibres  of  the  anterior  crucial  ligament. 


a  similar  case  quoted  in  Cyd.  Anat.  from  Lond.  Med.  Gaz.  May  14,    1836^  the  lateral 
ligaments  on  both  sides  were  perfect ;  the  other  ligaments  were  torn. 
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PEEONEO-TIBIAL  JOINTS. 

The  mode  of  connection  of  the  fibula  with  the  tibia  is  such  as 
to  permit  veiy  little  movement  between  the  bones.  There  is  a 
regular  synovial  joint  above;  but,  below,  they  are  united  only 
by  ligaments ;  and  in  the  interval  between  their  upper  and  lower 
ends  there  is  the  Interosseous  membrane,  the  fibres  of  which  take, 
for  the  most  part,  an  oblique  direction,  downwards  and  outwards, 
from  the  tibia  to  the  fibula. 

Upper  peroneo-  "^^^  Upper  end  of  the  fibula  is  placed  beneath  the 
tibial  jomt.  overhanging  hinder  edge  of  the  outer  condyle  of  the 
tibia,  so  as  to  afibrd  some  support  to  the  latter;  and  the  joint 
between  the  two  is  constructed  with  the  same  view.  The  articular 
surface  of  the  fibula,  placed  upon  the  upper  and  inner  aspect  of  the 
head  of  the  bone,  is  oblong,  with  the  greatest  diameter  from  above 
downwards  and  inwards,  is  slightly  concave  in  the  same  direction, 
and  looks  upwards  and  inwards.  That  of  the  tibia,  placed  upon 
the  hinder  and  under  aspect  of  the  condyle,  looks  downwards  and 
outwards,  is  slightly  convex  from  above  downwards,  and  is  of  oval 
shape,  but  the  longest  diameter  is  from  before  backwards.  It  is 
larger  than  that  of  the  fibula,  exceeding  it  in  the  antero-posterior 
diameter  and  equalling  it  in  the  vertical,  or  oblique,  diameter. 
Hence  the  head  of  the  fibula  may  be  made  to  slide  a  little  back- 
wards and  forwards  upon  the  tibia,  but  cannot  be  moved  in  any 
other  direction.  There  is  an  Anterior  (PI.  LIII.  fig.  1,  ^v^,  0,)  and 
a  Posterior  ligament  (PL  LI.  fig.  2,  O)  which  pass  obliquely  over 
the  joint,  but  the  chief  bonds  of  union  are  the  fibres  of  the  biceps 
tendon  (fig.  1,  i^),  which  are  spread  over  nearly  all  the  fore  part 
of  the  joint. 

The  synovial   cavity  of  the  tibio-fibular  articulation  is 

„„^f,t?°!?^  r  sometimes  found  to  communicate  with  that  of  the  knee- 
communicates 

with  knee-         joint,  through  the  medium  of  the  sheath  of  the  poplitseus 

joint. 

tendon.  The  occasional  occurrence  of  such  a  communica- 
tion is  an  objection  to  the  practice,  which  has  been  adopted  by  Larrey 
and  others,  of  removing  the  head  of  the  fibula  in  amputation  just  below 
the  knee.  The  joint  not  unfrequently  participates  in  diseases  affecting 
the  knee. 
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Lower  peroneo-  ^^^^  lowcr  eiid  of  the  tibia  is,  on  its  outer  side,  hol- 
tibiai joint.  lowed  to  receive  the  convex  inner  side  of  the  fibula 
(PI.  XL.  fig.  7) ;  and  the  bones  are  held  firmly  and  closely  together 
by  three  ligaments — an  Anterior  pei-oneo-tibial  (PL  LV.  fig,  6,  F), 
a  Posterior  peroneo-tiMal  (PI.  LIV.  fig.  2,  /,  LVI.  fig.  2,  G),  and 
an  Inferior  interosseous  (PI.  LIV.  fig.  4,  C) — which  all  descend  ob- 
liquely from  the  tibia  to  the  fibula.  They  are  very  strong,  and  pre- 
vent any  forward  or  backward  movement  of  the  lower  end  of  the 
fibula  upon  the  tibia ;  moreover  they  combine  to  hold  the  fibula  up 
firmly  against  the  outer  condyle  of  the  tibia.  The  Inferior  inter- 
osseous ligament  forms  a  cushion  between  the  two  bones,  where  they 
are  in  closest  contact ;  thus  answering  some  of  the  purposes  of  car- 
tilage, while,  in  addition,  it  forms  a  firm  bond  of  union.  Its  fibres 
are  thick  and  directed,  for  the  most  part,  from  the  tibia,  downwards 
and  outwards,  to  the  fibula.  These  ligaments  had  need  be  strong, 
because,  owing  to  the  position  of  the  lower  end  of  the  fibula  and 
the  manner  in  which  the  leg  is  placed  upon  the  foot,  they  have  to 
bear  much  stress  when  the  weight  of  the  body  is  thrown  obliquely 
from  one  foot  upon  the  other  in  walking  and  running;  and  they 
are  so  effective  that,  although  the  fibula  is  often  broken  above 
them,  and  is  sometimes  broken  below  them  (in  fracture  of  the 
external  malleolus) ,  it  is  very  rarely  separated  from  the  tibia ;  in- 
deed I  am  not  able  to  refer  to  a  single  example  of  such  an  accident. 

Dislocation  Dislocation  of  the  iipper  end,  also,  of  the  fibula  seldom 

very  rare.  takes  place.     I  have  seen  it  driven  forwards  upon  the  tibia; 

and  it  has  been  dislocated  backwards.  Sh-  A.  Cooper  once  saw  the  dis- 
location connected  with  compound  fi-acture  of  the  leg  ^ 


Cooper's  Dislocations,  by  B.  Cooper,  1842,  p.  222. 


THE  ANKLE.     (Plates  LIV.  to  LVII.) 

The  movements  of  the  foot  upon  tlie  leg  are  varied ;  and  they  are 
rather  difficult  to  analyse,  because  they  pass  easily  into  one  another, 
because  two,  or  more,  are  generally  combined  together,  and  because 
they  are  divided  between  three  distinct  joints  which  are  placed  near 
to  one  another.  These  are;  first,  the  joint  between  the  tibia  fibula 
and  astragalus,  in  which  there  is  one  synovial  cavity ;  secondly,  the 
joint  between  the  astragalus  and  the  os  calcis,  which  is  a  double 
joint  having  two  separate  synovial  cavities ;  and  thirdly,  the  joint 
between  the  first  and  second  rows  of  tarsal  bones,  between,  that  is  to 
say,  the  astragalus  and  os  calcis  behind,  and  the  scajihoid  and  cuboid 
in  front.  The  latter  is  also  a  double  joint,  the  synovial  cavity 
between  the  os  calcis  and  the  cuboid  bone  being  quite  distinct 
from  that  between  the  astragalus  and  the  scaphoid. 
The'oinfc  ^\\Q  most  obvious  movement  is  that  of  flexion  and 

between  the      extcnsiou,  whicli  is  effected  at  the  ioint   between  the 

leg  and  the  .     .  \ 

astragahis         tibia  and  fibula  and  the  astragalus.    It  takes  place,  in  a 

permits  flexion  _ .       ^  .  .  ,   .    -  „ 

and  extension  perpendicular  plane,  upon  an  axis  whicli  passes,  irom 
°"'^'  left  to  right,  through  the  lower  part  of  the  astragalus, 

and  which  is  the  centre  of  the  circle  of  which  the  upper  articular 
surface  of  the  astragalus  forms  a  segment.  It  will  be  observed  that 
the  shaft  of  the  tibia  is  twisted,  so  that  when  the  bone  is  laid 
upon  a  table,  on  its  hinder  surface,  it  rests  on  the  posterior  edges 
of  both  its  condyles,  but  upon  the  hinder  and  outer  edge  only  of 
its  lower  articular  end ;  the  inner  malleolus  being  quite  turned 
away  from  the  table.  This  twist  in  the  tibia  gives  an  outward 
slant  to  the  foot,  from  the  heel,  causing  the  great  toe  to  incline  away 
from  that  of  the  Oj^posite  side,  when  the  heels  are  placed  in  contact. 
A  line  drawn  from  the  point  of  the  heel,  through  the  middle,  or 
longest,  toe,  coincides  with  the  plane  in  which  the  foot  moves  in 
flexion  and  extension  upon  the  leg.     The  direction  of  this  move- 
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ment  is,  therefore,  oblique  with  regard  to  that  of  the  knee-joint,  and 
to  that  of  the  plane  in  which  the  leg-bones  descend  from  the  knee. 
The  degrees  of  flexion  and  extension  are  nearly  equal ;  the  two 
together  amounting  to  about  SO*^.  The  joint  does  not  admit  of  any 
other  movement  than  flexion  and  extension  upon  the  one  axis  just 
mentioned;  it  is  therefore  a  simple  hinge-joint. 

The  Shape  of  the  Articular  surfaces  corresponds  with 

Shape  01  tlie  -'■  i/  i 

ai-ticiiiar  tliis  movcment.     The  upper  surface  of  the  astragalus 

surfiicGS. 

is  convex  from  before  backwards,  so  as  to  permit  the 
slightly  concave  sm-face  of  the  tibia  to  revolve  backwards  and  for- 
wards upon  it.  Transversely,  it  presents  a  wide  shallow  groove — 
a  sort  of  trochlea — adapted  to  a  broad  superficial  ridge  on  the  tibia. 
This  increases  the  surface  of  contact  between  the  bones,  by  giving  a 
wavy  outline  to  it,  and,  therefore,  contributes  to  the  steadiness  and 
security  of  the  joint  and  resists  the  liability  to  lateral  displace- 
ment. From  the  groove  the  surface  mounts  on  either  side  to  a 
prominent  ridge ;  that  on  the  inner  side  is  received  into  the  retiring- 
angle  formed  by  the  inner  malleolus  with  the  rest  of  the  tibia ;  and 
that  on  the  outer  side,  which  is  the  higher  and  sharper  of  the  two, 
is  received  into  the  retiring  angle  between  the  tibia  and  the  fibula. 
The  manner  in  which  these  projecting  ridges  are  embraced  by  the 
corresponding  surfaces  of  the  tibia  and  fibula  is  such  as  quite  to 
prevent  any  rotatory  or  lateral  motion  in  the  joint. 
Differences  The  inner  side  of  the  articular  surface,  which  corre- 

between  outer    gpQj^^ls   to   the   internal   malleolus,  increases  in   depth 

and  inner  facets     ■-  '  ^ 

of  astragalus,  towards  its  fore  part,  so  as  to  present  the  greatest  area 
for  contact  with  the  tibia  in  the  flexed  position  of  the  joint;  it  is 
also  sloped  from  above,  inwards  and  downwards  (PI.  LIV.  fig.  3), 
so  as  to  receive  a  share  of  the  weight  of  the  body  transmitted  to  it 
through  the  inner  malleolus.  The  facet  on  the  outer  side  of  the 
astragalus  is  of  difl'erent  shape.  It  is  somewhat  triangular,  corre- 
sponding with  the  facet  on  the  inner  side  of  the  fibula ;  the  apex 
is  directed  downwards ;  it  is  slightly  convex  from  before  backwards, 
and  a  superficial  ridge,  ascending  fi-om  the  apex,  divides  it  into  two 
unequal  portions,  of  which  the  hinder  is  the  larger,  so  that  this 
facet  presents  the  greatest  area  for  contact  with  the  fibula  in  the 
extended  position  of  the  joint.     It  is,  moreover,  situated  in  a  plane 
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posterior  to  tlie  internal  facet;  and  is  continuous  witli  tlie  upper 
articular  surface  nearly  as  far  as  the  posterior  border  of  that  sur- 
face. Whereas,  between  the  anterior  border  of  the  facet  and  the 
anterior  edge  of  the  upper  articular  surface  is  an  interval  covered  by 
fibrous  tissue  and  synovial  membrane  (PI.  LIV.  fig.  2,  F). 
Reason  of  these  Tlicsc  difi'erences  between  the  articular  facets  on  the 
differences.  ^^q  sidcs  of  the  astragalus  have  relation  to  the  fact 
that,  in  walking,  when  we  plant  the  limb  on  the  ground  the  ankle 
is  in  the  extended  position ;  and  the  weight  of  the  body  is  received 
by  the  foot  in  a  direction  downwards,  forivards,  and  inwards,  in 
consequence  of  the  twist  in  the  tibia  just  mentioned,  and  also  in 
consequence  of  the  inclination  of  the  leg-bones  inwards  in  their 
lower  third.  The  lower  end  of  the  fibula  is,  accordingly,  placed 
behind  the  plane  of  the  inner  malleolus ;  and  the  articular  surface 
of  the  astragalus  is  extended  far  back  on  its  outer  side,  for  the 
purpose  of  receiving  and  transmitting  the  weight  when  the  foot 
comes  in  contact  with  the  ground.  On  the  contrary,  when  the  foot 
is  about  to  be  withdrawn  from  the  ground,  and  when  the  trunk  is 
being  throivn  diagonally,  forwards  and  inwards,  upon  the  other 
limb,  the  ankle  is  in  the  flexed  position ;  and  the  weight  is  then 
received  by  the  foot  in  a  direction  downwards,  backwards,  and  out- 
wards. The  inner 'malleolus  is,  accordingly,  situated  near  the  fore 
part  of  the  joint ;  and  the  internal  articular  surface  of  the  astragalus 
advances  further  forwards  than  the  outer  one,  for  the  purpose  of 
receiving  and  transmitting  the  weight  in  the  last  stage  of  the  step. 
A   further  difference   between  these   two  facets   is 

The  outer  one 

descends  lower  causcd  by  the  outcr  ouc  descending  to  a  considerably 

than  the  inner.  .  . 

lower  level  than  the  inner;  indeed  it  descends  so  low 
that  its  apex,  or  lowest  part,  and,  with  it,  the  lowest  part  of  the 
articular  facet  of  the  fibula,  is  traversed  by  the  axial  line  upon 
which  the  leg  revolves,  in  flexion  and  extension,  upon  the  foot. 
The  inner  malleolus,  on  the  other  hand,  does  not  descend  so  low  as 
the  axial  line,  and  does  not,  therefore,  revolve  upon  a  line  drawn 
through  any  part  of  itself,  but  is  carried  forwards,  and  backwards, 
in  the  segment  of  a  circle  the  centre  of  which  lies  beneath  it.  This 
makes  no  real  difference  in  the  movement  of  the  two  malleoli,  but 
it  makes  some  diffierence  in  the  disposition  of  the  lateral  ligaments. 
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Articular  sur-  Tlie  uppcr  ai'ticular  surface  of  the  astragalus  is  one- 

fronuhan^'^  fourtli  wiclcr  ill  front  than  behind;  the  cavity  between 
behind.  -^j^g  tibia  and  fibula,  into  which  it  is  received,  is  shaped 

in  a  corresponding  manner ;  and  the  articular  facets,  on  either  side, 
are,  consequently,  sloped  a  little  outwards  from  behind,  which  is 
most  marked  in  the  hinder  part  of  the  outer  facet  \  This  conforma- 
tion is  to  prevent  the  leg  being  driven  forwards  upon  the  tarsus 
when  we  alight  upon  the  gTOuiid  in  running,  jumping,  or  walking  ; 
and,  for  the  same  purpose,  the  posterior  edge  of  the  articular  sui-face 
of  the  tibia  descends  a  little  lower  than  the  anterior. 

In  spite  of  these  provisions  dislocation  of  the  tibia  forwards  does, 
sometimes,  occur.  "Whereas,  the  dislocation  backwards,  which  the  shape 
of  the  bones  would  rather  favour,  is  a  far  more  rare  occurrence;  because 
the  weight  of  the  body  is  scarcely  ever  brought  to  bear  upon  the  limb 
in  such  a  direction  and  with  such  force  as  to  induce  it. 

It  is  not  enough  to  say  that  the  socket  of  the  leg- 
is  adapted  to  bones  is  shaped  in  conformity  with  this  configuration  of 
astragalus  in      ^-^^  articular  surfacc  of  astragalus.    For,  if  that  had  been 

different  posi-  o  ' 

tionsofthe       qI\^  and    if   the   fibula  had,  like  the  inner  malleolus, 

joint. 

formed  a  part  of  the  tibia,  so  that  the  socket  had  been 
hollowed  out  of  the  solid  bone  and  had  maintained  an  unvarying- 
size,  it  could  not  have  been  adapted  to  the  astragalus  in  the  dif- 
ferent positions  of  the  limb.  It  would  have  been  either  too  large 
when  the  joint  was  extended  or  too  small  when  it  was  bent.  But 
the  outer  malleolus,  being  a  little  moveable,  permits  a  slight  alter- 
nate widening  and  narrowing  of  the  socket  in  flexion  and  exten- 
sion ;  so  that  freedom  of  movement  is  combined  with  the  main- 
tenance of  an  exact  co-aptation  of  the  articular  surfaces.  This 
yielding  of  the  outer  malleolus  in  a  lateral  direction,  under  the 
pressm'e  of  the  articular  surface  of  the  astragalus  during  flexion, 
and  its  recoil  in  extension,  depend,  not  so  much  upon  a  yielding  of 
the  ligaments  that  bind  it  to  the  tibia,  as  upon  the  elasticity  of  the 
bone  itself.     Hence  a  careful  examination  will  shew  that,  during 


1  The  section  in  fig.  2,  PI.  LIV.  is  not  quite  low  enough  to  shew  these  points. 
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flexion,  wlien  the  malleolus  is  pressed  outwards,  tlie  shaft  of  the 
fibula  is,  at  its  narrowest  part,  just  above  the  ankle,  bent  a  little 
inwards ;  and  vice  versa,  when  the  joint  is  extended,  the  shaft 
recoils  to  its  former  distance  from  the  tibia. 

The  experience  which  we  have  of  the  effect  of  severe  injuries  is  in 
accordance  with  this  observation ;  for  we  know  that  if  the  outer  malleolus 
be  driven  outwards  with  unwonted  force,  as  in  cases  of  dislocation  of  the 
leg  forwards,  or  of  subluxation  of  the  ankle,  the  peroneo-tibial  ligaments 
remain  entire,  but  the  fibula  is  commonly  broken  in  the  lower  part  of 
its  shaft. 


DESCKIPTION  OF  PLATE  LIV. 

Fig.  I.  Vertical  section,  made  obliquely  from  within,  outwards  and  forwards, 
through  hinder  joint  between  {A)  astragalus  and  {B)  os  calcis,  to  shew  the  shape  of 
the  articular  surfaces.  It  is  viewed  from  before.  C,  point  of  heel.  D,  ligament 
uniting  the  bones  on  the  inner  side.  E,  ditto,  on  outer  side.  The  ascending  outer 
part  of  the  opposed  surfaces  is  not  covered  with  cartilage,  but  with  fibrous  tissue. 

Fig.  2.  Horizontal  section  of  ankle-joint,  with  leg  in  upright  position.  A,  inner 
malleolus.  B,  outer  malleolus.  O,  cut  surface  of  astragalus.  D,  hinder  edge  of  car- 
tilaginous surface  of  astragalus,  extending  further  back  on  the  outer  side  than  it  does 
on  the  inner,  E,  fore  part  of  cartilaginous  surface  of  the  same,  extending  on  the  inner 
side,  below  the  level  of  the  section,  further  forwards  than  it  does  on  the  outer  side, 

F,  process  of  synovial  membrane  and  fibrous  tissue  running  up  the  astragalus,  in  the 
interval  between  the  outer  articular   facet   and   the   anterior   cartilaginous   surface. 

G,  G,  G,  G,  synovial  membrane,  turned  downwards  and  forwards.  H,  roll  of  fat, 
beneath  the  synovial  membrane,  lying  upon  neck  of  astragalus.  I,  posterior  peroneo- 
tibial ligament. 

Fig.  3.  Vertical  section,  from  side  to  side,  through  middle  of  ankle,  and  through 
joint  between  astragalus  and  os  calcis.  A,  inner  malleolus,  B,  outer  malleolus. 
C,  astragalus.  D,  os  calcis,  E,  deltoid  ligament,  F,  external  lateral  ligament, 
G,  ligamentous  fibres  passing  from  outer  side  of  astragalus  to  external  lateral  liga- 
ment and  outer  malleolus.  H,  inner  part  of  interosseous  ligament  between  astraga- 
lus and  OS  calcis.  I,  articular  surfaces  of  hinder  joint  between  astragalus  and  os 
calcis ;    K,  ditto  of  anterior  joint  between  the  same. 

Fig.  4.  Vertical  section,  from  side  to  side,  through  lower  ends  of  tibia  {A)  and 
fibula  {B)  seen  from  the  front.  C,  inferior  interosseous  ligament.  D,  fatty  process 
which  fills  up  interval  between  cartilaginous  surfaces  of  tibia  and  fibula. 

Fig.  5.  Transverse  section  through  {A)  internal,  (5)  middle,  (C)  external  cunei- 
form, and  (D)  cuboid  bones,  with  {E)  metatarsal  bone  of  little  toe  resting  upon  the 
cuboid.  F,  transverse  ligaments  between  the  cuneiform ;  G,  ditto  between  the  exter- 
nal cuneiform  and  cuboid.  H,  superior  ligaments  between  cuneiform  bones  and 
between  external  cuneiform  and  cuboid. 
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External  latenii  Tlie  ligaments  of  tlie  ankle-joint  pass  from  tlie 
ligament.  malleoli.  Tliose  from  tlie  outer  malleolus  are  three  in 
number.  First ;  tlie  External  lateral  ligament  (PL  LY.  fig.  6,  E) 
is  attaclied  to  a  smooth  space  on  the  fibula,  just  outside  the 
apex  of  its  articular  facet,  between  the  latter  and  the  tip  of  the 
bone.  It  runs,  backwards  and  downwards,  to  a  superficial  depres- 
sion, between  two  rough  eminences  that  are  seen  on  the  exterior  of 
the  OS  calcis,  a  little  behind  the  joint  with  the  astragalus.  Being 
connected  with  the  fibula  in  the  line  of  the  axis  of  motion  of  the 
joint  this  ligament  is  tense  in  every  position  of  the  bones;  and  the 
dii-ection  of  its  fibres  is  such  as  to  prevent  the  fibula  from  being- 
driven  forwards  upon  the  tarsus. 

Secondly  ;  the  Posterior  veroneo-tarsal  liqament  (PL 

Posterior  .  .  . 

peroneo-tarsai    LVI.  fig.  2,  F)   is  attached  to   a  deep  pit  behind  the 

ligament. 

apex  of  the  articular  facet  of  the  fibula,  and  runs, 
almost  horizontally  inwards,  with  a  slight  inclination  backwards. 
Its  lower  fibres,  constituting  the  strongest  part  of  the  ligament, 
descend  a  little  to  the  ridge  which  forms  the  outer  edge  of  the 
groove  in  the  astragalus  for  the  flexor  longus  jpollicis.  Its  middle 
fibres  pass  to  the  upper  part  and  outer  edge  of  this  groove;  and  its 
uppermost  fibres  pass,  behind  the  ankle-joint,  to  the  lower  margin 
of  the  tibia  and  the  hinder  edge  of  the  inner  malleolus.  It  aids 
the  external  lateral  ligament  in  preventing  displacement  of  the 
fibula  forwards;  and  the  two  are  so  strong  that  in  dislocation  of  the 
ankle  they  sometimes  hold  the  malleolus  in  its  place,  and  cause 
the  bone  to  be  snapped  above  the  line  of  their  attachment.  The 
posterior  peroneo-tarsai  ligament  can  scarcely  be  said  to  be  relaxed 
in  any  position  of  the  ankle;  but  it  is  most  distinctly  tense  when 
the  joint  is  bent.  It  helps,  therefore,  to  limit  flexion  of  the  ankle. 
It  binds  the  lower  end  of  the  fibula  to  the  tibia;  and  its  uppermost 
fibres,  deepening  the  hinder  part  of  the  socket  for  the  astragalus, 
render  the  position  of  that  bone  more  secure. 

Thirdly,  the  Anterior  peroneo-tarsai  ligament   (PL 

Anterior  %-a  n  i   i  t        t 

peroneo-tarsai    LV.  fig.  6,  6^),  a  flatter  and  broader  ligament  than  either 

gamen .  ^^  ^^  othcr  two,  is  attached  along  the  lower  part  of  the 

ridffe  that  stands  out  in  front  of  the  articular  surface  of  the  fibula, 

and  passes  obliquely  forwards,  inwards,  and  a  little  downwards, 
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to  the  astragalus,  to  be  inserted  in  front  of  tlie  facet  upon  which 
the  fibula  plays.  It  tends  to  prevent  displacement  of  the  outer 
malleolus  backwards  or  outwards.  It  also  limits  extension  of  the 
ankle-joint.  Being  a  little  relaxed  in  flexion  it  permits  that  slight 
yielding  of  the  fore  part  of  the  malleolus  which  takes  place  when 
the  latter  advances  upon  the  anterior  broader  part  of  the  astragalus. 
The  deltoid  ^^  ^hc  iuucr  sidc  of  the  joint  there  is  only  one  liga- 

hgament.  ment,  the  Deltoid.  This,  however,  in  extent,  disposition 
and  strength  corresponds  with  and  equals,  or  more  than  equals,  the 
three  ligaments  connected  with  the  outer  malleolus.  It  is  attached 
along  the  whole  of  the  lower  edge  of  the  internal  malleolus;  the 
greater  number  of  its  fibres  pass  from  the  depression  or  notch  in 
the  under  part  of  that  edge,  and  some  from  the  anterior  and  poste- 
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Fig.  I,  Oblique  section,  from  above,  downwards  and  inwards,  (that  is,  in  the 
plane  of  movement)  through  joint  between  astragalus  (A)  and  scaphoid  bone  (B). 
C,  calcaneo-scaphoid  ligament. 

Fig.  2.  Section,  in  same  direction,  through  joint  between  os  calcis  (C)  and  cu- 
boid {D).     F,  calcaneo- cuboid  ligament. 

Fig.  3.  Horizontal  section  through  the  joints  between  {A)  astragalus  and  {B) 
scaphoid,  and  between  (C)  os  calcis  and  (Z))  cuboid.  G,  process  of  os  calcis  project- 
ing between  the  two  joints  and  giving  attachment  to  {H)  external  calcaneo-scaphoid 
ligament. 

Fig.  4.  Transverse  section  through  joints  between  {A)  internal,  {B)  middle,  and 
(C)  external  cuneiform,  and  {D)  cuboid  bones.  E,  hollow  space  beneath  middle  and 
external  cuneiform  bones,  which  contains  fat.  F,  ligament  between  internal  and  middle 
cuneiform.     G,  ditto  between  external  cuneifomn  and  cuboid. 

Fig.  5.  Horizontal  section  through  the  joints  between  {A)  scaphoid,  (5)  cuboid, 
(C,  D,  E)  cuneiform  bones  and  {F,  G,  H,  L,  M)  metatarsal  bones.  N,  transverse 
ligaments  between  outer  three  metatarsal  bones. 

Fig.  6.  View  of  ligaments  on  outer  side  of  ankle  and  foot.  A,  tibia.  B,  fibula. 
C,  OS  calcis.  D,  cut  ends  of  metatarsal  bones.  E,  external  lateral  ligament.  F,  an- 
terior peroneo-tibial  ligament.  G,  anterior  peroneo-tarsal  ligament.  H,  head  of  astra- 
galus. I,  fore  part  of  os  calcis.  K,  outer  part  of  hinder  joint  between  astragalus  and 
OS  calcis.  L,  anterior  interosseous  ligament  between  astragalus  and  os  calcis.  M,  pos- 
terior ditto.  N,  external  lateral  ligament  between  astragalus  and  os  calcis.  0,  superior 
ligament  between  astragalus  and  scaphoid  and  between  latter  and  internal  cuneiform, 
P,  external  calcaneo-scaphoid  ligament.  Q,  superior  calcaneo-cuboid  ligament,  R, 
superior  ligaments  between  scaphoid  and  cuneiform  and  cuboid.  S,  superior  liga- 
ments between  scaphoid  and  external  cuneiform  and  between  latter  and  cuboid. 
T,  dorsal  tarso-metatarsal  ligaments,     U,  U,  dorsal  transverse  metatarsal  ligaments. 
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rior  border  of  tlie  process.  They  radiate  as  they  descend,  so  as  to 
cover  the  wkole  of  the  inner  side  of  the  ankle-joint;  the  foremost 
(PI.  LVI.  fig.  2,  0)  rmi  over  the  neck  and  head  of  the  astragalus, 
and  are  inserted  into  the  hinder  and  inner  border  of  the  scaphoid; 
the  middle  fibres  (0^)  are  attached  to  the  depression  beneath  the 
inner  articular  facet  of  the  astragalus,  to  the  prominence  which 
separates  that  depression  from  the  groove  on  the  under  surface  of 
the  astragalus,  and  to  the  adjacent  projecting  inner  process  of  the 
OS  calcis;  the  hindmost  fibres  (0^)  are  attached  along  the  inner  side 
of  the  hinder  part  of  the  astragalus.  The  middle  and  thickest  part 
of  the  ligament  is  tense,  or  nearly  tense,  in  every  position  of  the 
joint,  and  is  a  very  important  agent  in  supporting  the  ankle  under 
the  weight  of  the  body  and  in  preventing  dislocation  of  the  foot 
inwards.  The  foremost  and  hindmost  fibres,  respectively,  limit 
extension  and  flexion  of  the  ankle.  The  anterior  and  middle  fibres, 
being  attached  to  the  os  calcis  as  well  as  to  the  scaphoid,  serve  to 
limit  abduction  of  the  foot. 

There  are  no  true  anterior  and  posterior  ligaments, 
brane  and  fatty  Thcrc  is  a  thick  roll  of  fat  (PL  LIV.  fig.  2,  H)  upon 
or-oiS^™"^*  the  fore  part  of  the  joint,  which  causes  the  synovial 
membrane  to  project  into,  and  to  fill  up,  the  retiring 
angle  between  the  margin  of  the  tibia  and  the  astragalus,  and 
which  also  gives  a  thickness  and  rounded  contour  to  the  synovial 
fold,  and  prevents  its  being  caught  between  the  articular  edges  of 
the  bones  in  flexion  of  the  joint.  A  prolongation  of  this  fatty 
mass  occupies  the  depression  upon  the  neck  of  the  astragalus  (PI. 
XLI.  A),  and  forms  a  soft  cushion  to  receive  the  anterior  edge  of 
the  tibia  in  forced  flexion  of  the  ankle. 


JOINT   BETWEEN   ASTRAGALUS  AND   OS   CALCIS. 

The  other  joints  which  are  concerned  in  the  movements  of  the 
foot  upon  the  leg ;  viz,  the  two  between  the  astragalus  and  the 
OS  calcis,  and  the  two  between  the  first  and  second  row  of  tarsal 
bones,  are  so  closely  connected,  and  so  intimately  associated  in 
their  movements,  that  they  might  be  described  together  as  one 

36 


562  THE    ANKLE. 

joint  composed  of  four  separate  articulations;  but  it  will  some- 
Avliat  simplify  the  description  to  consider, 

The  joints  be-  First,  the  joiuts  bctwcen  the  astragalus  and  the  os 

tween  the         calcis.     Betwccn  these  two  bones  adduction  and  abduc- 

astragalus  and 

OS  calcis  permit  tiou  of  the  foot  upou  tlic  leg  are  chiefly  effected.     The 

adduction  and  ,      ,    i  i  •      i  c  i     i  •     ^ 

abduction  with  movcments  take  place  upon  an  axis  drawn,  Irom  benma 
some  rotation,  foj-^j^i-j^s^  through  the  astragalus,  at  right  angles  to  the 
axis  of  motion  in  the  ankle-joint;  they  do  not,  however,  occur  alone, 
but  are  always  accompanied  by  rotation  of  the  os  calcis,  and  of  the 
remainder  of  the  foot,  in  a  horizontal  plane,  upon  an  axis  descend- 
ing vertically  through  the  middle  of  the  astragalus.  The  move- 
ments of  the  foot  upon  the  astragalus  may,  therefore,  be  described 
as  a  combination  of  adduction  or  abduction  with  rotation ;  and  they 
take  place  in  such  a  manner  that  adduction,  or  inclination  of  the 
sole  inwards,  is  attended  with  a  turning  of  the  toes  wzwards  and  of 
the  heel  otf^wards;  and,  vice  versa,  abduction  is  accompanied  with 
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Fig.  I.  Ligaments  on  plantar  surface  oi  toes.  A,  sesamoid  bones  of  great  toe, 
with  channel  between  them  for  flexor  tendon.  B,  ligamentous  fibres  uniting  them  to 
head  of  metatarsal  bone.  C,  ditto  uniting  them  to  phalanx.  D,  ligament  running 
forward  to  {E)  sesamoid  body  of  phalangeal  joint.  F,  ligaments  uniting  sesamoid 
body  to  1st  phalanx.  0,  ditto  uniting  it  to  2nd  phalanx.  H,  ridge  on  terminal 
phalanx  for  attachment  of  flexor  tendon.  I,  tubercle  at  extremity  of  phalanx.  K,  a 
bristle  passed  beneath  ligamentous  fibres  that  run  from  the  ridge  to  the  tubercle. 
L,  L,  L,  L,  sesamoid  bodies  beneath  four  outer  metatarso-phalangeal  joints,  united 
by  cross  bands  {M,  M,  M,  M).  N,  N,  sesamoid  bodies  beneath  the  phalangeal  joints. 
0,  cut  ends  of  flexor  tendons  projecting  from  their  sheaths. 

Fig.  1.  View  of  ligaments  on  inner  and  under  surfaces  of  ankle  and  foot.  The 
ankle  is  in  a  state  of  extreme  extension.  A,  tibia.  B,  fibula.  C,  heel.  D,  D,  cut 
ends  of  metatarsal  bones.  E,  groove  in  astragalus  for  tendon  of  flexor  longus  poUicis. 
F,  posterior  peroneo-tarsal  ligament.  G,  posterior  peroneo-tibial  ligament.  IT,  inner 
edge  of  astragalus.  /,  inner  edge  of  os  calcis  overhanging  groove  for  flexor  longus 
pollicis.  K,  scaphoid  bone.  L,  internal  cuneiform.  M,  external  cuneiform  (the  middle 
cuneiform  is  hidden  from  view).  N,  N,  cuboid,  with  groove  for  tendon  of  peroneus 
longus  between  the  two  letters.  0,  0^,  0'^,  anterior,  middle,  and  posterior  portions  of 
deltoid  ligament.  P,  inferior  calcaneo-scaphoid  ligament ;  P^,  smooth  surface  of  the 
same  upon  which  tendon  of  tibialis  posticus  plays.  Q,,  inferior  calcaneo-cuboid  ligament. 
R,  inferior  scapho-cuboid  ligament.  S,  plantar  ligaments  between  cuneiform  bones, 
and  between  cuneiform  and  cuboid  bones.  T,  T,  plantar  tarso-metatarsal  ligaments, 
U,  U,  U,  U,  plantar  transverse  metatarsal  ligaments. 
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a  turning  of  the  toes  owiwards  and  of  tlie  heel  ^?^wal•ds.  The  effect 
of  the  rotation  is  much  more  evident  upon  the  toes  than  upon  the 
heel,  in  consequence  of  their  greater  distance  from  the  centre  of 
motion.  In  these  movements  the  other  bones  of  the  foot  are 
carried  with  the  os  calcis,  the  scaphoid  revolving  upon  the  round 
anterior  end  of  the  astragalus. 

Although  we  speak  of  adduction  and  ahduction  of 

very  utile  J^   ^  -^       _ 

abduction  the  foot,  it  is  Hot  strictly  correct  to  do  so ;  because, 
when  the  foot  is  planted  upon  the  ground,  in  the  po- 
sition in  which  it  has  to  bear  the  weight  of  the  body,  abduction  (or 
inclination  of  the  leg  outwards,  which  is  equivalent  to  abduction  of 
the  foot)  is  scarcely  possible,  being  prevented  by  the  tension  of  the 
deltoid  and  of  the  several  ligaments  which  lie  between  the  astraga- 
lus and  the  os  calcis.  If  the  ligaments  were  loose  in  that  position, 
so  as  to  permit  abduction  of  the  foot,  the  astragalus  and  the  inner 
ankle  would  be  dependent  entirely  upon  the  support  of  the  sur- 
rounding tendons,  and  would  be  liable  to  be  driven  inwards  by  the 
heavy  weight  to  which  they  are  subjected^  Owing,  however,  to 
the  tension  of  the  ligaments,  and  to  the  strength  of  the  tendons 
which  pass  beneath  the  inner  ankle,  the  astragalus  is  so  securely 
held  upon  the  os  calcis,  that  displacement  at  this  joint,  or  even  a 
strain,  rarely  occurs  when  the  weight  of  the  leg  is  received  in  the 
usual  direction. 

If,  however,  by  accident,  the  foot  be  in  a  state  of  ad- 
Displacement 
oftheastra-       duction,  with  the  outer  edge  upon  the  ground,  when  the 

^^■iTis.  weight  falls  sudd^ly  upon  it ;  or  if  the  weight  of  the  body 

be  received  by  the  foot  in  au  oblique  line,  from  within  owiwards,  so  that 

the  foot  is  thrown  into  a  state  of  adduction,  then,  in  consequence  of  the 

ligaments  being  partially  relaxed,  a  displacement  of  the  astragalus  may 

take  place,  or  a  strain  is  very  likely  to  occui-.     In  some  persons  these 

ligaments  are  weak  and  permit  abduction  to  take  place ;  and  then  the 

weight  of  the  body  is  likely  to  increase  the  abduction,   and  to  drive 


1  It  must  always  be  borne  in  mind  in  considering  the  anatomy  of  this,  and  of  the 
other  adjacent  joints,  that  the  weight  of  the  body  is  transmitted  to  the  foot  in  an 
oblique  direction,  from  above,  downwards,  and  f/iwards. 

36—2 


564  THE   ANKLE. 

the  inner  malleolus  and  the  head  of  the  astragalus  inwards ;  thus  de- 
pressing the  arch  of  the  instep  and  causing  "  flat  foot."    If 

Flat  foot.  , .   .  , 

to  tins  condition  be  superadded,   as  is  often   the  case,  a 
tension  of  the  peronei  muscles,  which  prevents  the  return 
of  the  foot  to  the  proper  position,  the  permanent  deformity 
called  "  talipes  valgus,"  is  induced. 

The  Articular  surfaces  of  the  two  ioints  Ibetween  the 

Shape  of  the  .  . 

articular  astragalus  and  the  os  calcis  differ  from  one  another  in 

shape.  Those  of  the  hinder  joint  are  broad  and  oval, 
with  the  longest  diameter,  from  within,  forwards  and  outwards. 
The  facet  of  the  os  calcis  is,  from  side  to  side,  flat,  or  a  little  con- 
cave, near  the  middle.  From  before  backwards  it  is  convex.  The 
degree  of  its  curvature  differs,  however,  in  different  parts,  so  that 
it  is  not  a  portion  of  one  circle;  and  its  greatest  prominence  and 
its  sharpest  curve  are  towards  the  inner  side,  where  it  approaches 
nearest  to  the  anterior  facet.  Towards  the  outer  side  the  curva- 
ture is  less ;  indeed  the  anterior  and  posterior  parts  of  the  facet, 
which  are  prolonged  further  on  the  outer  than  on  the  inner  side, 
are  nearly  flat.  The  apposed  facet  of  the  astragalus  is  shaped  in 
a  corresponding  manner;  and  the  width  and  disposition  of  the 
two  surfaces  render  the  joint  well  suited  for  the  transmission  of 
weight,  from  the  astragalus,  to  the  heel-bone. 
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Fig.  I.  Vertical  section,  from  before  backwards,  through  distal  part  of  great  toe. 
A,  skin.  B,  ligamentous  fibres  radiating  from  bulbous  extremity  of  phalanx  (C) 
through  soft  cushion  of  fat  to  skin.  D,  fibres  passing  from  upper  surface  of  phalanx 
to  nail.     E,  flexor  tendon.     F,  sesamoid  bone. 

Fig.  2.  Vertical  section,  from  before  backwards,  through  extremity  of  heel,  from  a 
lad  set.  lo,  to  shew  the  thick  stratum  of  cartilage  {B)  under  the  bone  {A),  C,  tendo 
achillis.     D,  Plantar  fascia. 

i'ig-  3-  Vertical  section,  from  behind  forwards,  through  tibia,  inner  side  of  tarsus, 
and  great  toe.  A,  skin  of  heel.  B,  ligamentous  fibres  passing  obliquely  backwards, 
from  extremity  of  os  calcis,  through  cushion  of  fat,  to  skin.  C,  tendo  achillis.  D, 
plantar  fascia.  E,  capsule  in  front  of  ankle.  F,  ditto  behind,  and  posterior  peroneo- 
tarsal  ligament.  G,  anterior  and  posterior  interosseous  ligament  between  astragalus 
and  OS  calcis.  H,  depression  in  upper  part  of  neck  of  astragalus  occupied  by  fat.  I, 
scaphoid  bone.  K,  middle  cuneiform.  L,  internal  cuneiform.  M,  metatarsal  bone  of 
great  toe.   N,  sesamoid  bone.     0,  first  phalanx.    P,  second  phalanx. 


I'irjXf.  LVII. 


THE   ANKLE.  565 

The  other  articulatmg  surface  on  the  os  calcis  for  the  astragalus 
is  narrow,  elongated  from  behind  forwards  and  outwards,  and  con- 
cave in  the  same  direction.  Sometimes  it  presents  two  flat,  or 
slightly  undulating,  facets,  which  are  united  at  an  obtuse  retiring- 
angle;  the  inner  of  these  facets  constitutes  two-thirds,  and  the 
outer  one-third,  of  the  sm-face. 

The  anterior  portion — or  "  head" — of  the  astragalus 

Four  facets  ■••  ^_ 

on  head  of        prcscnts  fom*  facets  separated  from  one  another  by  slight 

astragalus.  .,  iiiif>  ii> 

ridges ;  and  both  the  lacets  and  the  intervening  ridges 
are  entirely  covered  by  cartilage.  The  uppermost,  which  is  also 
the  foremost  and  largest  of  the  facets,  is  convex,  and  is  received 
into  the  cup  on  the  hinder  aspect  of  the  scaphoid  bone ;  it  is  part  of 
a  true  sphere.  The  two  facets  on  the  under  surface  are  flat  or  a 
little  concave ;  they,  together  with  the  ridge  which  intervenes 
between  them,  are  adapted  to  the  articulating  surface  of  the  os 
calcis  just  described.  The  larger  of  the  two  is  separated  from  the 
convex  facet  for  the  scaphoid  bone  by  a  fourth  facet,  which  rests 
upon  the  inner  part  of  the  calcaneo-scaphoid  ligament. 

If  the  astragalus  and  os  calcis  be  placed  together,  it  will  be  per- 
ceived that  the  articulating  sm-faces  of  the  two  connecting  joints 
are  so  constructed  as  not  to  permit  either  direct  adduction,  or  true 
rotation  in  a  horizontal  plane ;  they  permit  only  an  oblique  move- 
ment, compounded  of  adduction  and  rotation,  which  I  have  de- 
scribed to  be  the  movement  that  takes  place  between  the  two 
bones.  Adduction  cannot  take  place  without  rotation  of  the  toes 
inwards ;  abduction  cannot  take  place  without  rotation  of  the  toes 
outwards ;  neither  can  rotation  take  place  without  some  amount  of 
adduction  or  abduction. 

The  ligaments  are  disposed  in  accordance  with  these 

The  ligaments.  .  .    ,      ,  .  ^ 

movements,  and  with  the  especial  object  oi  preventing 

abduction  of  the  foot  when  the  sole  is  placed  upon  the  ground. 

The  Interosseous  is  the  most  powerful,  forming  a  very 

Interosseous.  .  ,        .  -,- 

Strong  bond  of  union  between  the  bones.  It  occupies 
the  interosseous  groove  or  channel ;  and  its  fibres,  being  disposed 
in  two  planes,  may  be  regarded  as  forming  two  ligaments — an 
anterior  and  a  posterior.  The  Anterior  interosseous  ligament  (PL 
LV.  fig.  6,  L)  is  situated  chiefly  in  the  outer,  and  wider,  part  of 
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the  interosseous  gi-oove.  It  arises  from  the  middle  of  a  rough 
space  on  the  os  calcis,  which  intervenes  between  the  posterior  arti- 
culating surface  and  the  anterior  extremity  of  the  hone ;  and  it 
runs  forwards,  upwards,  and  inwards,  to  a  depression  in  the  outer 
and  under  side  of  the  head  of  the  astragalus,  just  behind  the  pro- 
jecting edge  of  the  articular  facet  for  the  scaphoid.  The  Posterior 
interosseous  ligament  [M  and  PI.  LVIII.  fig.  9,  E)  is  situated, 
chiefly,  in  the  inner,  and  narrower,  part  of  the  interosseous  space. 
It  arises  from  the  bottom  of  the  groove  in  the  os  calcis,  and  runs 
Sac^wards,  upwards  and  inwards  to  the  hinder  side  of  the  groove 
in  the  astragalus,  in  front  of  the  edge  of  the  posterior  articular 
surface.  Towards  the  middle  of  the  interosseous  space  the  fibres  of 
the  anterior  and  posterior  ligaments  are  near  together,  and  take 
a  nearly  parallel,  and  straight,  course  from  one  bone  to  the  other 
(PL  LVII.  fig.  3,  G)\  and  towards  the  outer  side  of  the  inter- 
osseous space,  the  fibres  of  the   posterior  ligament    (PI.  LV.  fig. 
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Figs.  I  to  5.  Vertical  sections,  from  before  backwards,  through  the  five  ta.rso- 
metatarsal  joints,  showing  the  different  shapes  of  the  articular  surfaces.  A,  metatarsal 
bone.  B,  internal  cuneiform.  C,  middle  ditto.  D,  external  ditto.  E,  inner  part  of 
cuboid.  F,  outer  part  of  cuboid.  0,  and  H,  upper  and  lower  ligaments  connecting 
metatarsal  with  tarsal  bones. 

Fig.  6.  Vertical  section,  from  before  backwards,  through  joint  between  scaphoid 
{S)  and  internal  cuneiform  bone  (C). 

Fig.  7.     Ditto,  between  scaphoid  (<S')  and  middle  cuneiform  (C). 

Fig.  8.     Ditto,  between  scaphoid  (>S')  and  external  cuneiform  (C). 

Fig,  9.  Ligaments  on  inner  side  of  foot.  A,  astragalus.  B,  scaphoid,  O,  inter- 
nal cuneiform.  D,  metatarsal  bone  of  great  toe.  E,  posterior  interosseous  ligament, 
F,  internal  lateral  ligament,  and  G,  posterior  ligament  between  os  calcis  and  astra- 
galus. H,  fibres  of  deltoid  ligament  attached  to  scaphoid  and  forepart  of  os  calcis. 
/,  edge  of  OS  calcis  overhanging  groove  for  tibialis  posticus.  K,  under  surface 
of  head  of  astragalus  appearing  between  two  portions  {L  and  M)  of  inferior  calcaneo- 
scaphoid  ligament ;  it  is  here  supported  by  the  tendon  of  tibialis  posticus.  N,  N, 
long  inferior  calcaneo-cuboid  ligament.  0,  internal  ligament  between  scaphoid  and 
internal  cuneiform  ;  P,  ditto  between  internal  cuneiform  and  metatarsal  of  great  toe. 
Q,  portion  of  internal  lateral  ligament  connecting  phalanx  with  metatarsal  bone; 
Q},  ditto  with  sesamoid  bone.  R,  ligament  connecting  sesamoid  with  metatarsal 
bone.  »S,  portion  of  internal  lateral  ligament  connecting  second  phalanx  with  first; 
/S'^  ditto  with  sesamoid  body.     T,  fibres  connecting  sesamoid  body  with  first  phalanx. 
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6,  M)  take  nearly  the  same  direction  as  those  of  the  anterior, 
though  thej  are  at  some  distance  behind  them.  All  the  fibres  of 
the  interosseous  ligament  are  so  disposed  as  to  retain  Iheir  tension 
in  the  difterent  positions  of  the  bones ;  and  they  all  combine  to 
limit  abduction  of  the  foot,  and  the  accompanying  rotation  of  the 
toes  outwards. 

The  Internal  lateral  ligament  (PI.  LVIII,  fig.  9,  F) 

passes,  from  the  hinder  edge  of  the  projecting  internal 
process  of  the  os  calcis,  almost  directly  backwards,  to  the  adjacent 
inner  edge  of  the  groove  in  the  astragalus  for  the  tendon  of  the 
flexor  longus  pollicis.  The  External  lateral  ligament  (PI.  LV. 
fig.  6,  N)  arises  from  the  outer  side  of  the  os  calcis,  in  company  with 
the  external  lateral  ligament  [E)  of  the  ankle,  and  accompanies  it 
to  the  outer  sm-face  of  the  astragalus,  where  it  is  attached  just  in 
front  of  the  apex  of  the  articular  facet  for  the  fibula.     Both  these 

ligaments  limit  adduction  of  the  foot.     The  Posterior 

Posterior. 

ligament  (PI.  LVIII.  fig.  9,  G)  is  not  very  strong;  it 
consists  of  short  bundles  passing  between  the  adjacent  hinder  edges 
of  the  astragalus  and  os  calcis.  Its  fibres  are  nearly  vertical,  and, 
therefore,  have  little  influence  either  upon  abduction  or  adduction 
of  the  foot. 

The  deltoid,  and  the  external  lateral  ligament  of  the  ankle, 
both  of  which  pass  from  the  leg-bones,  over  the  astragalus,  to  the 
OS  calcis,  contribute  to  the  strength  of  the  joint  between  the  astra- 
galus and  the  heel-bone. 


JOINT  BETWEEN   FIEST  AND    SECOND   TARSAL   KOW. 
Joint  between  The  joiiit  betwecii  the  first  and  second  row  of  tarsal 

first  and  second  -,  >        -i     ,  ,^  ,  i  i  i'ii*n 

row  of  tarsal  boncs,  1.6.  between  the  astragalus  and  os  caicis,  benma, 
bones  permits    ^^^  ^j^^  scaphoid  and  cuboid  in  front,  admits  of  flexion 

flexion  and  i  ' 

slight  rotation,  and  extcusion  of  the  second  row  upon  the  first  in  an 
oblique  plane.  The  axis  of  the  movement  is  a  line  drawn  obliquely 
from  within,  outwards,  backwards,  and  downwards,  through  the 
astragalus  and  os  calcis ;  and  the  direction  of  the  movement  corre- 
sponds with  the  long  diameter  of  the  anterior  convex  facet  of  the 
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astragalus.  The  joint  permits  also  a  slight  rotatory  movement  of 
the  fore  part  of  the  tarsus,  upon  an  antero-posterior  axis  drawn 
through  the  scaphoid  and  the  head  of  the  astragalus.  This  is  pro- 
ductive of  adduction  and  abduction  of  the  sole :  and  the  two  move- 
ments— viz.  flexion  or  extension,  and  rotation — take  place  together ; 
flexion  and  adduction  of  the  sole,  and  extension  and  abduction  of 
the  sole,  being,  respectively,  contemporaneous.  They  also  take 
place  in  harmony  with  the  movements  in  the  astragalo-calcaneal 
and  the  ankle-joints.  Thus  flexion  and  adduction  of  the  sole, 
and  turning  of  the  toes  inwards,  which  are  performed  in  the  joints 
between  the  astragalus  and  the  os  calcis,  and  between  the  first 
and  second  row  of  tarsal  bones,  are  associates  of  extension ^  of  the 
ankle ;  and  extension  and  abduction  of  the  sole,  and  turning  of 
the  toes  outwards,  are  the  associates  of  flexion  of  the  ankle.  The 
four  movements,  being  divided  between  the  three  sets  of  joints,  are 
allowed  to  take  place  in  sufficient  range,  and  with  great  facility, 
while  the  foot  retains  the  strength  required  to  enable  it  to  bear 
the  weight  of  the  body. 

Although  I  have  spoken  of  extension  and  adduction  of  the  sole 
as  well  as  of  flexion  and  adduction,  it  must  be  understood  that,  as 
in  the  case  of  the  joint  between  the  astragalus  and  os  calcis 
(p.  563),  the  two  former  of  these  movements  are  arrested,  at  the 
position  in  which  the  foot  rests  upon  the  ground,  by  the  tension  of 
the  various  ligaments  that  have  to  sustain  the  arch  of  the  instep 
against  the  pressure  of  the  superincumbent  weight. 

The    inner   of  the   two  joints,   viz.   that   between 

Shape  of  the  ,      .,       . 

articular  sur-  the  astragaius  and  the  scaphoid,  is  a  true  ball-and- 
socket  joint,  so  that  the  cup  of  the  scaphoid  might 
revolve  upon  the  ball  of  the  astragalus  any  way ;  but  it  moves 
most  freely  in  the  direction  in  which  the  articular  sm-faces  are 
most  prolonged,  that  is,  from  above,  downwards  and  inwards. 
Measured  in  this  line  the  convex  facet  of  the  astragalus  exceeds 
the  cup  of  the  scaphoid  by  two  or  three  lines ;  the  latter  bone, 
therefore,  may  revolve  upon  the  former  to  that  extent.     Moreover, 


^  The  movement  of  the  ankle,  which  is  attended  with  elevation  of  the  heel,  is, 
strictly,  flexion ;  but  it  is  usually  described  as  extension. 
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the  movement  between  the  first  and  second  row  of  tarsal  Ibones  is 
nearly  restricted  to  the  direction  in  which  the  scaphoid  has  freest 
play  upon  the  asti-agalus,  by  the  presence,  and  by  the  mode  of 
construction  of  the  outer  of  the  two  joints,  viz,  that  between  the 
OS  calcis  and  the  cuboid. 

For,  the  articular  surface  of  the  os  calcis  (PI.  LV.  fig,  3,  C) 
is  concavo-convex  from  side  to  side;  and  this  shape  necessarily 
prevents  any  rotation  upon  a  vertical  axis,  as  well  as  any  lateral 
motion  of  the  cuboid  {D),  which  is  accurately  adapted  to  the  os 
calcis.  Whereas,  from  above  downwards  and  inwards,  that  is  to 
say,  in  the  direction  corresponding  with  the  greatest  diameter 
of  the  head  of  the  scaphoid  (fig.  1,  A),  the  articular  surface  of  the 
OS  calcis  (fig,  2,  C)  presents  a  uniformly  convex  outline,  and  per- 
mits the  concave  facet  of  the  cuboid  {D)  to  revolve  upon  it  round 
the  oblique  axial  line  which  I  have  described  to  be  the  centre  of 
motion  of  the  second  row  of  tarsal  bones  upon  the  first.  This, 
with  the  exception  of  the  slight  rotation  upon  an  antero-posterior 
axis  above  mentioned,  is  the  only  movement  that  can  take  place 
between  the  os  calcis  and  the  cuboid ;  and,  forasmuch  as  the 
scaphoid  and  the  cuboid  are  bound  together  by  ligaments,  and  by 
the  shape  of  their  apposed  sm-faces,  the  movement  of  the  scaphoid 
upon  the  astragalus  is  limited  to  the  same  direction. 

All  the  ligaments  uniting  the  first  and  second  row 

The  ligaments;  . 

01  tarsal  bones  are  connected,  behind,  with  the  os  caicis ; 
except  one  (PL  LV.  fig.  6,  0)  upon  the  joint  between  the  astra- 
galus and  the  scaphoid,  the  fibres  of  which  pass,  with  slight 
obliquity,  forwards  and  inwards,  from  the  neck  of  the  former  bone 
to  the  upper  surface  of  the  latter,  and  run  on  to  the  internal  cunei- 
form.    They  are 

1.    The  Inferior  calcaneo-scaphoid  ligament  (PI.  LV. 

the  inferior  "^  . 

caicaneo-  fig.  1,  C\  PI.  LVI.fig.  2,P),  wliich  cxtciids,  from  beneath 

the  margin  of  the  anterior  facet  on  the  os  calcis  for  the 
astragalus,  forwards  and  inwards,  to  the  groove  between  the  j)ro- 
jecting  inner  process,  and  the  posterior  articular  surface  of  the 
scaphoid.  It  becomes  narrower  and  thicker  as  it  approaches  the 
scaphoid ;  its  hinder  edge  is  in  contact  with,  and  indeed  is  blended 
with,  the  deltoid  ligament  ( 0) ;  its  under  surface  is  flat,  and  presents 
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a  smootli  facet  P\  covered  "by  synovial  membrane,  upon  whlcli 
the  tendon  of  the  tibialis  posticus  plays ;  its  upper  surface  is  also 
flat,  or  a  little  concave,  is  covered  by  synovial  membrane,  and 
contributes  to  form  the  socket  which  supports  the  under  part  of  the 
head  of  the  astragalus.  It  is  sometimes  divided  into  an  inner 
portion  (PI.  LVIII.  fig.  9,  L)  and  an  outer  [M) ;  and  the  head  of 
the  astragalus  [K)  appears  between  the  two,  in  an  interval  which 
is  occupied  by  the  tendon  of  the  tibialis  posticus.  The  oblique 
direction  of  the  fibres  prevents  their  being  relaxed  in  any  position 
of  the  bones.  Even  when  the  sole  is  bent,  and  the  under  surface 
of  the  scaphoid  is  approximated  to  the  os  calcis,  the  slight  rotation 
of  the  scaphoid,  inwards,  which  accompanies  that  movement,  is  suf- 
ficient to  maintain  the  tension  of  the  ligament ;  and  the  ligament, 
by  limiting  the  rotation  which  is  a  necessary  attendant  on  flexion, 
limits  the  flexion  also.  In  the  opposite  movement,  likewise,  the 
relaxation,  caused  by  rotation  of  the  scaphoid  outwards,  is  com- 
pensated for  by  the  distancing  of  that  bone  from  the  under  surface 
of  the  OS  calcis,  which  occurs  in  the  accompanying  extension ;  and, 
by  limiting  extension  of  the  sole,  the  ligament  limits,  also,  the 
outward  rotation  of  the  fore  part  of  the  foot.  But  its  office  is  not 
confined  to  this  limitation  of  the  movements  of  the  sole;  for,  by 
binding  together  the  lower  edges  of  the  scaphoid  and  os  calcis, 
and  by  underlying  the  head  of  the  astragalus,  it  supports  that  bone 
and  maintains  the  arch  of  the  foot.  It  is  assisted  in  this  important 
office  by  the  tendon  of  the  tibialis  "posticus^  which  comes  into  action 
just  at  the  time  when  the  heaviest  duty  is  devolving  upon  the 
ligament,  viz.  when  the  heel  is  being  raised  and  the  weight  is 
being  thrown  forward,  over  the  instep,  upon  the  other  foot. 

Yields  in  -^^  "flat  foot"  tMs  ligament  is  weakened,  and  a  little 

"flat foot."  lengthened;  and  in  consequence  of  this  condition,  too  much 
extension  and  outward  rotation  of  the  fore  part  of  the  foot  is  permitted, 
the  head  of  the  astragalus  descends  below  its  proper  level,  and  the 
patient,  unable  to  cany  the  weight  of  the  body  steadily  forwards  over 
the  metatarsus,  directs  it  over  a  line  to  the  inner  side  of  the  great  toe. 
He  thei'eby  shortens  the  step  and  contrives  to  move  along  in  an  easier 
manner,  but  with  an  ungainly  and  unsteady  gait. 
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2.  The  External  calcaneo-scaplioid  liqa7nents,  some- 

Externalcal-  .  ,  .  . 

caneo-scaphoid  tiiues  Called  tlie  supevwr  (PL  LV.  fig.  6,  P)  and  inferior 
(fig.  3,  H)  intei'osseous  ligaments,  are  also  very  strong. 
They  are  attached  to  the  os  calcis,  above  and  beloAV  the  ridge 
(fig.  3,  G)  which  projects  forwards  between  the  anterior  articular 
facet  for  the  astragalus  (^.4)  and  the  facet  for  the  cuboid  {D) ;  and 
they  are  connected  together  by  a  thin  strip  of  fibres  attached  along 
the  edge  of  the  ridge.  They  run  obliquely,  forwards  and  inwards, 
to  the  scaphoid  [B) ;  but  a  few  of  their  fibres  are  connected  with 
the  adjacent  edge  of  the  cuboid.  They  hold  the  bones  very  firmly 
together ;  and  the  oblique  direction  in  which  they  run  is,  like  that 
of  the  inferior  calcaneo-scaphoid  ligament,  so  arranged,  with  refer- 
ence to  the  obliquity  of  the  movements  of  the  one  bone  upon 
the  other,  that,  while  they  assist  to  limit  each  of  these  movements, 
their  tension  is  maintained  in  every  position  of  the  joint. 

3.  The  Superior  calcaneo-cuhoid  ligament  (PI.  LV. 
cuboid  liga-  fig.  6,  Q)  cousists  of  two,  thrcc,  or  more,  bands,  which 
^^^  ^'  pass  from  the  upper  edge  of  the  articular  surface  on  the 
OS  calcis,  with  varying  obliquity,  to  the  tubercles  on  the  upper 
surface  of  the  cuboid,  about  a  quarter  of  an  inch  distant  from  its 
hinder  edge.  The  obliquity  of  their  course,  and  the  distance  of 
their  insertion  from  the  edge  of  the  cuboid,  are  so  adjusted  that  they 
permit  the  movements  of  that  bone  upon  the  os  calcis  to  take  place 
within  the  required  range,  and,  at  the  same  time,  prevent  their 
exceeding  it.  4.  The  Inferior  calcaneo-cuhoid  ligament  (PL  LVI. 
fig.  2,  Q,  and  LVIII.  fig.  9,  N)  is  of  considerable  strength ;  it 
radiates,  from  the  tubercle  on  the  under  and  fore  part  of  the  os 
calcis,  to  the  ridge  on  the  middle  of  the  under  side  of  the  cuboid 
bone ;  and  some  of  its  fibres  extend,  beyond  the  ridge,  beneath  the 
peroneus  tendon,  to  the  heads  of  the  outer  two  metatarsal  bones. 
It  is  the  main  support  of  the  outer  part  of  the  arch  of  the  instep ; 
and  it  limits  the  extension  of  the  cuboid  ujDon  the  os  calcis,  that  is 
to  say,  it  limits  the  extension  of  the  second  row  of  tarsal  bones 
upon  the  first.  The  space  enclosed  by  this  ligament,  beneath  the 
calcaneo-cuboid  joint,  between  the  projecting  tubercle  of  the  os 
calcis  and  the  ridge  of  the  cuboid,  is  occupied  by  soft  fat.  The 
immediately  contiguous    edges   of  the   os   calcis   and   cuboid  are 
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iinited  by  thin  fibrous  bands  which  form  (5)  a  Short  inferior  calca- 
neo-cuboid  ligament.  These  are  strongest  near  the  outer  edge  of  the 
foot;  and  they  are  hidden  by  the  long  inferior  calcaneo-cuboid  liga- 
ment, except  at  the  part  where  they  are  strongest. 

,j,^j.  The  preternatural  curve  of  the  sole,  which  sometimes 

piantaris  exists  alone,   constituting    talipes   plaoitaris,    but    which  is 

andvulgus.  ,,        i       ,  t  i  t        i 

generally  an  attendant  upon  talijjes  varus,  depends  almost 
entirely  upon  a  permanently,  and  it  may  be  a  preternaturally,  flexed 
condition  of  the  joint  between  the  first  and  second  row  of  tarsal  bones. 
It  is  maintained  by  the  contracted  state  of  the  plantar  fascia  and  the 
ligaments.  The  other  joints  of  the  foot  are,  usually,  not  much  disturbed. 
A  similarly  contracted  condition  of  the  foot  may  be  induced  by  any 
disease  of  the  foot  which  long  suspends  the  influence  of  volition. 

There  is  not  usually  any  synovial  joint  between  the 
between  scaplioid  and  the  cuboid  bones.  Nevertheless  they  move 

scaphoid  and  ^  little  UDOu  ouc  auotlicr :  and  the  movements  are  re- 
cuboid.  ■*• 

stricted  by  fibrous  bands — Suioerior  and  Inferior  scayho- 
cuhoid  ligaments  —  which  pass  obliquely  between  the  respective 
dorsal  and  plantar  surfaces.  Some  fibres  connecting  the  opposed 
surfaces  of  the  bones  form  an  Interosseous  ligament. 


OTHER  TARSAL  JOINTS. 

The  movements  of  the  cuneiform  and  cuboid  bones 
tween  tiii'rd       upou  One  another  are  very  slight,   and  are  of  such  a 

row  of  tarsal 
bones. 


kind  as  merely  to  deepen,  and  widen,  the  transverse 
tarsal  arch.  It  is  interesting,  however,  to  observe  that 
the  external  cuneiform,  which  is  the  central  element  of  the  tarsus, 
and  may  be  compared  with  the  os  magnum  of  the  wrist,  is  the 
most  fixed  in  this  row  of  bones,  and  constitutes  the  pivot,  as  it 
were,  upon  which  the  internal  and  middle  cuneiform,  on  the  one 
side,  and  the  cuboid,  on  the  other,  perform  their  slight  revolutions; 
the  axis  of  their  movement  being  a  line  drawn,  from  before  back- 
wards, through  this  bone.  The  structure  of  the  several  articula- 
tions of  the  cuneiform  and  cuboid  bones  with  one  another  and 
with  the  scaphoid,  indicates  that  this  is  the  case;  the  surfaces  of 
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tlie  joint  between  tlie  internal  and  middle  cuneiform  (PI.  LY.  fig.  4, 
A  and  B)  are  flat,  and  permit  onlj  a  slight  sliding  of  one  bone 
upon  tlie  otlier ;  tliat  of  tlie  middle  cuneiform  {B)  presents  a  dis- 
tinctly concave  facet,  capable  of  revolving  in  a  limited  range  upon 
tlie  convex  facet  of  the  outer  cuneiform  ( C) ;  and  the  facet  of  the 
cuboid  (D)  is  also  slightly  concave,  though  less  so  than  that  of 
the  middle  cuneiform.  The  cuboid  and  the  internal  cuneiform  lie 
very  obliquely ;  and  the  narrowing  or  widening  of  the  plantar  arch 
is,  therefore,  effected  by  their  sliding  up  and  down,  as  well  as  by 
their  revolving  upon  the  other  cuneiform  bones. 

With   regard   to   the   connexion   of  the   cuneiform 

Joints  be-  "^ 

tween  scaphoid  boucs  witli  tlic  scaplioid,  tlic  articular  surfaces  between 
that  bone  and  the  two  internal  cuneiform  (PL  LYIIL 
figs.  6  and  7)  are  comparatively  elongated  and  flattened  from  above 
downwards,  or  slightly  undulating,  so  as  to  permit  very  little 
motion ;  whereas  the  joint  between  the  external  cuneiform  and  the 
scaphoid  (fig.  8)  is  of  the  ball-and-socket  kind — a  slightly  pro- 
jecting spherical  facet  of  the  former  bone  being  received  into  a 
superficial  cup  in  the  latter — ;  so  that  the  conformation  of  these 
three  joints  corresponds  with  that  of  the  joints  described  in  the 
last  paragraph,  inasmuch  as  it  permits  the  two  inner  cuneiform 
and  the  scaphoid  bones  to  revolve  together  upon  the  external  cunei- 
form, dming  the  widening  and  narrowing  of  the  sole  of  the  foot. 

The  joints  between  the  cuneiform,  the  cuboid,  and  the  scaphoid 
bones,  are  strengthened  by  dorsal  (PI.  LV.  fig.  6,  B.  8),  inter- 
osseous, and  plantar  (PL  LVI.  fig.  2,  S)  ligaments,  which  pass, 
with  varying  degrees  of  obliquity,  between  the  several  bones. 
They  are  so  arranged  as  to  permit  very  little  movement  and  to 
retain  their  tension  in  the  varying  positions  of  the  joints.  The 
stronger  ones  are  on,  or  near  to,  the  plantar  aspect. 


TAESO-METATAESAL  JOINTS. 

The  joint  between  the  5th,  or  small,  metatarsal  bone  and  the 
tarsus  resembles  the  corresponding  joint  in  the  hand,  inasmuch  as 
it  permits  a  certain  amount  of  flexion  and  extension ;  and  the 
4th  metatarsal  bone  may  be  moved  in  the  same  way,  but  in  a 
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more  limited  range.  This  provision  has  the  effect  of  deepening  or 
widening  the  metatarsal  arch,  and  of  adapting  the  balls  of  the  toes 
to  inequalities  on  the  surface  of  the  ground.  The  2nd  and  3rd 
are  almost  immoveable,  and  the  first  admits  only  slight  rotation. 
The  shape  of  the  articular  surfaces  exhibits  corresponding  differ- 
ences. The  head  of  the  5th  metatarsal  bone  (PL  LVIII.  fig.  1  A) 
is  convex  from  above  downwards,  and  is  received  into  the  concave 
facet  of  the  cuboid  (F).  The  head  of  the  4th  metatarsal  bone 
(fig.  2,  A),  and  the  corresponding  facet  {£!)  of  the  cuboid,  present 
a  similar  conformation;  but  the  degree  of  curvature  is  less.  The 
heads  of  the  2nd  and  3rd  metatarsal  bones  (figs.  3  and  4  A),  and 
the  facets  of  the  cuneiform  bones  {B  and  C)  upon  which  they  rest, 
are  quite  flat,  and  are  lengthened  from  above  downwards.  The 
head  of  the  1st  metatarsal  bone  (fig.  5,  A),  and  the  facet  of  the 
internal  cuneiform  bone  {B),  are  prolonged  in  the  same  direction  as 
those  of  the  two  contiguous  joints ;  and  they  have,  in  addition,  a 
slightly  undulating  outline. 

The  dorsal,  plantar,  and  transverse  ligaments,  uniting  the 
several  tarsal  and  metatarsal  bones,  need  no  particular  description 
(PL  LV.  fig.  6,  and  LYI.  fig.  2,  T,  U).  Those  connecting  the 
4th  and  5th  metatarsals  with  the  cuboid  are  more  oblique  in  their 
direction  than  those  connecting  the  other  metatarsals  with  the 
cuneiform;  this  position  has  relation  to  the  greater  freedom  of 
movement  of  the  outer  two  toes. 


THE  METATAKSO-PHALANGEAL  JOINTS 

resemble  the  metacarpo-phalangeal.  The  concave  facet  of  each 
phalanx  revolves  upon  the  convex  head  of  its  metatarsal  bone  in 
flexion  and  extension ;  and  there  is  also  slight  movement,  of  a 
similar  kind,  in  a  lateral  direction,  which  is  called  adduction  and 
abduction.  The  head  of  each  metatarsal  is  prolonged  towards  the 
sole  in  the  form  of  two  tubercles  overhanging  the  shaft  and  covered 
by  cartilage.  These  support  and  give  prominence  to  the  sesamoid 
bodies,  and  assist  in  distancing  the  flexor  tendons  from  the  centre 
of  motion. 
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The  sesamoid  Tlic  Sesamoid  bodies  are  the  chief  feature  in  these 

bodies.  joints.     They  consist,  in  the  case  of  the  outer  four  toes, 

of  square,  flat  plates  of  cartilage,  situated  upon  the  plantar  aspect 
of  the  joints  ;  their  upper  surfaces  are  in  contact  with  the  heads  of 
the  metatarsal  bones,  and  are  covered  by  synovial  membrane ;  their 
under  surfaces  are  in  contact  with  the  flexor  tendons,  and  are 
covered  by  the  synovial  sheaths  of  these  tendons ;  their  anterior 
edges  are  connected,  by  strong,  short,  ligamentous  fibres,  with 
the  adjacent  parts  of  the  phalanges ;  and  their  hinder  edges  are 
connected,  by  weaker,  ligamentous  fibres,  and  areolar  tissue, 
Avith  the  heads  of  the  metacarpal  bones,  just  behind  the  over- 
hanging edges  of  the  articular  surfaces ;  their  lateral  margins 
receive  fibres  from  the  lateral  ligaments,  above,  and  are  closely 
united  with  the  sheaths  of  the  flexor  tendons,  beneath. 
Transverse  The  Several  sesamoid  bodies  are  also  united  together 

ligaments.  ^^  ^^^^^  ligaments  (PL  LVI.  fig.  1,  if),  which  extend 
transversely,  from  one  to  the  other,  across  the  interspaces  between 
the  joints.  The  innermost  of  these  transverse  ligamentous  bands 
runs  to  the  external  sesamoid  bone  of  the  great  toe.  Thus,  by 
means  of  the  sesamoid  bodies  and  their  connecting  ligaments,  is 
formed  the  Transverse  ligament,  which  extends  from  the  pollex  to 
the  little  toe,  and  which  holds  the  distal  ends  of  the  metatarsal 
bones  together. 

Lateral  liga-  Each  joiiit  is  jDrovidcd,  on  either  side,  with  a  Lateral 

™®°'^®'  ligament,  which  radiates,  from  the  tubercle  on  the  side 

of  the  head  of  the  metatarsal  bone,  to  the  side  of  the  proximal  ex- 
tremity of  the  phalanx,  and  to  the  adjacent  edge  of  the  sesamoid 
body.  Its  origin  from  the  metatarsal  bone  is  rather  above  the 
centre  of  motion  of  the  joint ;  hence  it  becomes  most  tense  during 
flexion,  and  tends  to  limit  that  movement,  as  well  as  the  adduction 
and  abduction  of  the  phalanx.  During  extension  the  lateral  liga- 
ments become  a  little  relaxed,  and  permit  a  slight  amount  of  ad- 
duction and  abduction  to  take  place.  They  are  connected  together, 
above,  by  thin  fibres,  which  extend  across  the  dorsal  aspect  of  the 
joint  and  form  a  capsular,  or  superior,  ligament;  on  the  plantar  sur- 
face they  are  united  only  by  the  sesamoid  bodies. 
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THE  PHALANGEAL  JOINTS 

are  simple  liinge-joints,  permitting  only  flexion  and  extension. 
The  articular  surfaces  are  transversely  elongated,  and  slightly  un- 
dulating. Each  is  provided,  upon  its  plantar  aspect,  with  a  sesamoid 
iDody  (PL  LVI.  fig.  1,  N),  which  is  connected,  like  those  of  the 
metacarpo-phalangeal  joints,  closely  with  the  bone  in  front,  loosely 
with  the  bone  behind,  and,  on  the  sides,  with  the  lateral  ligaments 
and  the  sheatlis  of  the  tendons. 


THE  JOINTS  OF  THE   POLLEX 

differ  but  little  from  those  of  the  other  toes.  They  are  on  a  larger 
scale ;  and,  in  the  case  of  the  metatarso-phalangeal  joint,  two  sesa- 
moid hones  (PI.  LVI.  fig.  1,  A)  are  substituted  for  the  sesamoid 
body.  The  sesamoid  bones  are  united  to  one  another  by  strong 
ligamentous  bands,  forming  a  channel  in  which  the  flexor  tendon 
plays ;  they  are  connected,  behind,  with  the  head  of  the  metatarsal 
bone  by  ligaments  {B) ,  and  with  the  short  flexor  muscle ;  and,  in 
front,  they  are  connected  witli  the  phalanx  by  strong  short  liga- 
ments (G).  A  strong  fibrous  band  {B)  runs  forwards  from  them, 
beneath  the  middle  of  the  first  phalanx,  to  the  sesamoid  body  (E) 
which  is  situated  under  the  phalangeal  joint ^. 

Liabmtv  to  '^^^  distal  eud  of  this  metatarsal  bone  is  naturally  large 

disease.  ^nd  prominent,  its  whole  circumference  projecting  beyond 

the  rest  of  the  bone;  it  is  very  liable  to  be  still  further  enlarged  by 
chronic  inflammatory  affections.  I  suppose  the  pressure  to  which  the 
joint  is  subjected  by  tight  and  ill-fitting  boots,  added  to  the  extent 


^  A  small  sesamoid  hone  is  sometimes  developed  in  this  body  (PI.  LVII. 
Fig.  I,  F),  as  in  the  case  of  the  corresponding  part  of  the  thumb,  (p.  436).  Haller, 
Icones  Anat.  fasc.  v.  p.  49,  note  35,  speaks  of  a  sesamoid  bone  belonging  to  the 
little  toe;  and  Krause,  Handbuch  der  Menschlichen  Anatomie,  s.  207,  mentions  two 
sesamoid  bones  under  the  ist  joint  of  the  great  toe,  a  third  under  the  2nd  joint, 
a  fourth  at  the  outer  end  of  the  tuberosity  of  the  cuboid,  a  fifth,  often,  at  the  inner 
side  of  the  ist  cuneiform  bone,  and  a  sixth  at  the  inner  side  of  the  head  of  the 
astragalus. 
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of  the  cartilaginous  surface  of  tlie  head  of  the  metacarpal  bone,  and  its 
liability  to  sprains,  and  other  injuries,  are  the  causes  of  this  joint  being 
so  liable  to  acute  and  chronic  diseases  of  the  cartilages  and  bones,  to  gout 
and  other  affections. 

Deformity  ^^  ^^^  been  remarked  (p.  503),  that  the  metatarsal  bones, 

frequent  in        slant  inwards  from  the  tarsus.     In  the  well-shaped  foot  the 

the  metatarso-  _ 

phalangeal  phalanges  are  directed,  not  quite  in  the  same  line  with  the 
°™  ■  metatarsal  bones,  but  nearly  straight  forwards,  so  as  to  form  a 

very  obtuse  angle  with  them;  and  the  natural  effect  of  the  unrestrained 
action  of  the  various  muscles  connected  with  the  j)halanges  is  to  lessen 
the  obtuseness  of  this  angle,  and  to  make  the  toes  slant  more  outwards. 
This  tendency  is  too  commonly  assisted  by  the  tight  hard  heavy  shoes  in 
which  the  foot  is  confined,  or  by  the  bruising  to  which  it  is  subjected  in 
those  who  go  shoeless  upon  hard  roads  and  paved  streets.  Hence  the 
great  toe  often  loses  its  proper  direction  and  acquires  a  slant  outwards, 
thus  obliterating  the  interval  between  it  and  the  next  toe.  Sometimes  it 
not  only  presses  upon  the  latter,  but  crosses  quite  over  or  under  it.  Such 
displacement  is  necessarily  attended  with  detriment  to  the  other  toes; 
and  it  leaves  the  metatarsal  bone  of  the  great  toe  prominent  on  the 
inner  side  of  the  foot,  and  liable  to  be  inflamed  and  covered  with  bunions 
and  corns. 
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r        .      .  When  a  man  stands  erect,  -with  both  heels  close  together 

In  erect  posture  '  ° 

skeleton  is         upon  the  ground,  and  with  the  knees  and  hips  fiilly  extended, 

disposed  in  six     ,r>       i\      i  n  •  fiii-T 

curves  between  (fig-  1),  the  Centre  01  gravity  of  the  head  is  directly  over  a 
head  and  feet.  -^qI^i  midway  between  the  two  astragali;  and  the  skeleton 
is  arranged  in  a  series  of  six  alternating  antero-posterior  curves,  which 
extend  from  the  occiput  to  the  astragali.  Of  these,  the  upper  three, 
formed  in  the  cervical,  dorsal,  and  lumbar  portions  of  the  spine,  have 
been  described  at  length  (page  146);  and  we  foimd  that  the  line  of 
gravity  falls  through  the  points  at  which  they  meet,  and  coincides  with 
their  several  arcs.  Next  below  these  follows  the  curve  formed  by  the 
sacrum  and  iliac  bones.  It  has  its  convexity  backwards,  and  terminates, 
above,  by  joining  the  lumbar  curve  at  the  promontory  of  the  sacrum. 
Below,  it  is  continuous  "with  the  next  succeeding  curve ;  which  has  its 
convexity  in  the  opposite  direction,  and  which  is  formed  by  the  union 
of  the  heads  of  the  thigh-bones  with  the  iliac  bones  in  the  acetabula. 
The  sixth  curve,  with  its  convexity  backwards,  is  at  the  knee.  The 
lower  three  curves  are  less  marked  than  the  upper  three;  but  in  the 
former,  as  well  as  in  the  latter,  the  transverse  plane  of  gravity  cor- 
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Fig.  I.  Diagram  of  skeleton  in  upright  posture.  Line  of  gravity  falling  from 
head  traverses  points  of  junction  of  three  spinal  curves,  passes  behind  head  of  femur, 
in  front  of  knee,  through  ankle. 

Fig.  2.     Stooping  posture.     Hips  projected  behind  line  of  gravity. 

Fig.  3.     Squatting  ditto. 

Fig.  4.         Ditto      ditto. 

Figs.  5,  6,  7.     Walking. 

Figs.  8,  9,   10.     Eimning. 
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responds  with  tlie  arc  of  eacli^;  and  the  weight  of  the  body  has,  there- 
fore, a  tendency  to  increase  the  degi'ee  of  the  several  flextires. 
Those  iu  lower  It  is  interesting  to  observe  the  effect  which  this  tendency 

meauTof^avilf"-  P^'f^ctically  has.  In  the  pelvis  it  produces  no  effect  at  all; 
muscular  effort,  becanse  the  sacrum  and  the  iliac  bones  are  so  firmly  united 
at  the  synchondrosis  that  they  may  be  regarded  as  one  bone,  and  the 
curve  formed  between  them  is  of  u.nvarying  shape.  At  the  liips,  where 
the  bones  which  form  the  curve  are  more  moveable,  the  line  of  weight, 
falling  in  the  arc  of  the  curve,  that  is,  behind  the  joints,  tends  to  pro- 
duce foi'ther  extension  of  the  pelvis  upon  the  thighs.  This  is,  however, 
resisted  by  the  "accessory  ligaments"  (page  513);  and,  owing  to  that 
resistance,  the  effect  of  the  weight  is  simply  to  maintain  the  joints 
fixed  and  steady  in  a  state  of  extension.  The  strain  is  thrown  upon  the 
accessory  ligaments;  and  the  muscles  are,  in  great  measure,  relieved. 
In  like  manner,  in  the  case  of  the  knees,  the  ends  of  the  leg  and 
thigh-bones  are  thrown  back  when  the  limbs  are  fully  extended;  so 
that  the  plane  of  gravity  falls  a  little  in  front  of  the  joints,  a  fixed 
state  of  extension  is  maintained,  and  the  weight  is  borne  by  the  crucial, 
lateral,  and  posterior  ligaments,  which  are  then  tense,  to  the  complete 
relief  of  the  various  extensor  muscles.  By  these  provisions,  therefore, 
in  the  form,  position,  and  direction  of  the  several  curves,  steadiness  is 
given  to  the  lower  extremities  in  the  erect  posture,  and  muscular  force 
is  greatly  economised. 

The  curves  are  ^^  ^^"^-^^  ^^  these  two  instances  the  curve  is  formed  only 

sUght.  [^  j^-^Q  completely  extended  state,   and  is  very  slight;  it  is 

only  sufiicient  to  throw  the  plane  of  gravity  in  front  and  behind  the 
respective  joints,  and  just  attains  the  object  desired.  Had  the  flexures 
been  greater  the  joints  would  have  been  weakened,  the  ligaments  would 
have  been  subjected  to  far  greater  strain,  and  other  inconveniences  would 
have  resulted,  ^Yithout  any  compensating  advantage. 

Body  falls  The  various  curves,  and  the  parts  of  the  skeleton  which 

muldes  axe^"  form  them,  are  so  disposed  that,  in  the  erect  posture,  the 
paralysed  head  is  nearly  balanced  upon  the  trunk,  the  trunk  is 
nearly  balanced  upon  the  thighs,  and  the  latter,  with  the  legs,  are 
nearly  balanced  upon  the  astragali.  In  the  case  of  the  head,  however, 
as  mentioned  at  page  316,  when  it  is  in  the  ordinary  position,  with 
the  eyes  looking  straight  forward,  or  downward,  the  weight  preponde- 


^  In  other  words,  the  arcs  of  the  curves  and  the  line  of  gravity  lie  in  the  same 
plane. 
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rates  a  little  in  front  of  the  balancing  point  upon  tlie  spine;  and,  in 
the  case  of  the  trunk,  as  we  commonly  stand,  the  line  of  gravity  falls  a 
little  in  front  of  the  axis  of  rotation  of  the  pelvis  upon  the  thighs,  and 
is  continued,  downwards,  a  little  in  front  of  the  centre  of  the  ankle- 
joint.  Hence,  a  continviance  of  muscular  action,  to  a  greater  or  less 
amount,  is  required  to  hold  the  body  up;  and  if  all  muscular  aid  be 
suddenly  suspended  by  a  severe  impression  upon  the  great  nervous  cen- 
tres, or,  in  any  other  way,  the  head  commonly  falls  forwards  upon  the 
chest,  and  the  body  falls  forwards  upon  the  ground  ^ 

The  feet  are  placed  at  right  angles  to  the  legs,  and  are 

Ease  of  sup-  ^  o  »  . 

port  afforded  Spread  out  upon  the  ground  so  as  to  afford  a  wide  basis  of 
y  1 18  ee .  sujiport  to  the  extremities ;  and  the  area  of  this  basis  in 
front  of  the  ankle,  which  is  provided  by  the  length  of  the  metatar- 
svis  and  phalanges,  as  well  as  by  the  divergence  of  the  toes,  is  partly 
for  the  purpose  of  preventing  the  overbalancing  of  the  body  in  this 
direction,  and  of  enabling  the  gastrocnemii  and  other  muscles  to  fix 
the  legs  firmly  in  the  perpendiciilar  position.  When  we  stand  upon 
both  feet,  the  base  of  support  is  the  area  of  the  two  soles,  together  with 
the  space  included  between  them.  When  we  stand  upon  one  leg,  the 
base  of  support  is  reduced  to  the  area  of  one  sole;  and  the  difficulty 
of  maintaining  the  equilibrium  is  proportionately  increased.  Still 
greater  is  the  difficulty  of  balancing  the  body  upon  the  balls  of  the 
toes,  or,  upon  the  heels, 
^  ,     ,  ^  ,  Muscular  aid  is  required  to  maintain  the  lateral  as  well 

Lateral  balance  ^ 

how  main-  as  the  antero-posterior  balance  of  the  trunk  upon  the  extre- 
mities; for  the  trunk  is  ever  ready  to  slip  sideways  ujDon 
the  heads  of  the  thigh-bones.  Hence  the  standing  straight  upright 
on  both  legs  is  attended  with  some  constraint  and  fatigue ;  and  we 
are  provided  with  a  means  of  varying  the  posture,  and  of  obtaining 
partial  rest,  while  the  trunk  is  still  maintained  erect,  by  allowing  the 
weight  to  fall  upon  the  lower  limbs  alternately.  When  this  is  done  the 
hip  of  the  side  to  which  the  weight  is  transferred  is  thrown  a  little 
outwards,   the  thigh  and  leg  of  the   same  side  are  inclined  outwards, 


^  Herein  we  may  find  the  explanation  of  the  eases  of  "toppling  forwards,"  which 
are  occasionally  met  with.  The  peculiarity  of  the  attack  probably  does  not  depend, 
as  has  sometimes  been  supposed,  upon  a  particular  portion  of  the  nervous  system 
being  the  seat  of  disease,  or  upon  any  particular  group  of  muscles  being  paralysed, 
but  upon  the  sudden  suspension  of  the  force  of  all  the  voluntary  muscles  together,  so 
that  the  body  is  left  to  fall  in  the  direction  to  which  gravity  inclines  it. 
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and  the  pelvis,  retaining  its  propei'  level,  is  in  a  proportionate  degree 
addiicted  to  the  thigh.  By  this  means  the  line  of  gi-avity  of  the  trunk 
is  placed  perpendicularly  over  the  ankle,  the  pelvis  is  slung  upon  the 
strong  fibres  of  the  "superior  accessory  ligament"  of  the  hip  (page  515), 
and  the  other  limb,  a  little  bent  and  placed  "at  ease"  upon  the  ground, 
serves  to  maintain  the  balance  of  the  body. 

In  Stooping  (fig.  2)  the  trunk  is  inclined  forwards  by 

the  rotation  of  the  pelvis  upon  the  thighs,  the  lower  limbs 
are  inclined  backwards  from  the  feet  by  extension  of  the  ankle-joints, 
and  the  buttocks  are,  thereby,  made  to  project  backwards,  so  as  to  assist 
in  maintaining  the  balance.  Nevertheless,  if  the  movement  be  carried 
beyond  a  certain  point,  the  centre  of  gravity  passes,  forwards,  to  some 
point  between  the  ankles  and  the  balls  of  the  toes;  and  the  jjosition  is, 
consequently,  difficult  to  maintain. 

In  a  further  degi'ee  of  stooping  (or,  as  it  may  be  called 

to  distinguish  it  from  stooping.  Squatting)  (figs.  3  and  4) 
the  trunk  and  the  extremities  are  bent  in  a  zigzag  manner  by  flexures, 
in  alternate  dii-ections,  at  the  hip,  knee,  and  ankle;  and  the  weight  is 
thrown  upon  the  balls  of  the  toes.  The  amount  of  flexure,  forwards,  at 
the  knee,  nearly  equals  that  of  the  flexure,  backwards,  at  the  ankle 
and  hip  taken  together.  If  it  did  so  quite,  and  if  the  leg  and  thigh 
were  of  equal  length,  the  head  of  the  femur  would  still  be  maintained 
over  the  ankle,  and  the  pelvis  would  descend  in  a  vertical  plane. 
There  would,  then,  have  been  great  difficulty,  or  even  an  impossibility, 
in  maintaining  the  balance  upon  the  fore  part  of  the  foot;  because,  in 
tills  movement,  the  trunk  is  incKned  considerably  forwards,  partly,  for 
the  purpose  of  directing  the  eyes  downwards,  and  the  arms  are  also 
generally  thrown  forwards  to  handle  or  pick  ujd  objects  on  the  ground ; 
so  that  the  weight  of  the  head,  trunk,  and  arms  would  have  prepon- 
derated considerably  in  front  of  tbe  resting  point  upon  the  ground,  and 
a  great  muscular  efibrt  would  have  been  required  to  prevent  the  body 
from  falling  foi'wards.  In  consequence,  however,  of  the  thighs  being 
made  longer  than  the  legs,  the  buttocks  are  thrown  behind  the  ankles 
Avhen  the  extremities  are  bent,  and  tend,  in  some  measure,  to  counter- 
balance the  weight  of  the  head  and  upper  part  of  the  trunk  which 
are  advanced  m.  front  of  the  ankles.  This  is  one  of  the  objects  attained 
by  the  great  proportionate  length  of  the  femur,  which  has  been  men- 
tioned (pp.  90  and  466)  as  constituting  one  of  the  peculiarities  of  the 
human  skeleton. 
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WALKING. 

In  walking,  the  lower  extremities  are  moved  forward, 
In  walking  the  ^^^  ^^^^j,  ^-^^  other,  in  a  succession  of  steps,  and  the  trunk 

feet  not  off  the  '  •"■ 

ground  both  is  Tborne  upon  them  alternately.  Both  feet  are  upon  the 
ground  at  the  commencement,  and  at  the  termination,  of 
each  step ;  but  they  are  never  both  off  the  ground  together.  The  period, 
therefore,  during  which  each  foot  is  upon  the  ground  is  greater  than 
that  in  which  it  is  in  the  air;  and  the  proportion  between  the  two 
periods  varies  with  the  qiiickness  of  the  step.  The  quicker  the  step, 
the  shorter  is  the  period  in  which  each  foot  is  ujDon  the  ground,  not 
only  actually,  but  in  comparison  with  that  in  which  it  is  swinging  in 
the  air;  and  in  the  fastest  walking  the  one  foot  is  lifted  from  the  ground 
nearly  at  the  same  moment  that  the  other  is  placed  upon  it. 
Period  in  Let  US  examine  what  takes  place  in  each  of  these  two 

7s  upon  the°°  periods.  That  in  which  the  foot  is  upon  the  ground  may 
ground;—  i^e  divided  into  three  stages.  In  the  first  stage  (fig.  5),  the 
foot  (i?)  is  in  front  of  the  head  of  the  thigh-bone,  and, 
therefore,  the  limb  is  advanced  a  little  in  front  of  the  trunk,  so  as  to  be 
in  a  favourable  position  to  receive  the  weight  of  the  trunk,  which  is 
being  pushed  forward  upon  it  by  the  other  limb  (i).  The  heel  comes 
upon  the  ground  a  little  before  the  rest  of  the  sole  and  the  balls  of 
the  toes;  but  the  difference  is  scarcely  appreciable.  The  ankle  is 
slightly  extended,  and  the  hip  and  knee  are  slightly  bent,  which 
prevents  any  jar  being  communicated  to  the  body  by  the  sudden 
contact  of  the  foot  with  the  ground.  The  other  foot  (Z)  still  rests 
upon  the  ground,  and  is  employed  in  pressing  the  trunk  onward. 

In  the  second  stage  (fig.  6),  which  quickly  succeeds  the 
first,  the  head  of  the  thigh-bone,  and  the  trunk,  are  carried 
perpendicularly  over  the  foot  (^),  which  now  bears  the  whole  weight 
of  the  body,  while  the  other  foot  (Z)  is  being  swung  beside  it  and 
advanced  in  front  of  it.  The  sole  accordingly  rests  firmly,  in  its  whole 
length,  upon  the  gTound.  The  ankle  is  changed  from  the  extended 
to  the  intermediate  position.     The  knee  and  hip  remain  a  little  bent. 

In  the  third  staa;e  (fiff.  7),  the  head  of  the  tliisrh-bone, 

third  stage.  &      V    »       /'  6  J 

and  the  trunk,  are  advanced  in  front  of  the  foot  (B).     The 
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limb  is  lengthened,  first,  by  the  straightening  of  the  knee  and  hip,  and, 

then,  by  the  continued  extension  of  the  ankle,  whereby  the  heel  is  raised, 

so  that,  at  last,  only  the  balls  of  the  toes  and  the  phalanges  rest  npon 

the  groimd.     By  this  lengthening  of  the  limb  a  sufficient  impulse  is 

given  to  the  trimk  to  carry  it  forward  upon  the  other  extremity  (Z), 

which  is  now  placed  upon  the  ground  to  bear  it;  and,  whereas,  in  the 

first  stage,  the  limb  was  inclined  ybi'wards  from  the  trunk,  to  be  ready 

to  receive  the  weight  of  the  body,  it  is,  now,  inclined  6«c^'wards  from  the 

trunk,  to  be  in  a  favourable  position  to  communicate  an  onward  impulse 

to  the  trunk. 

The  turning,  or  revolving,   movement  which  the  foot  makes  upon 

the  groimd,  in  these  three  stages,  has  been   not  inaptly  compared  to 

that    of  the    segment   of  a    wheel    passing   over   a    horizontal    plane ; 

although  the  comparison  is  not  very  exact,  foi'asmuch  as,  besides  other 

differences,  the  whole  length  of  the  foot  rests  upon  the  ground  during 

one  part  of  the  process,  and  the  centre  point,  or  astragalus,  which  would 

correspond  with  the  axle,  describes,  not  a  horizontal,  but,  a  curvilinear 

movement,  in  consequence  of  its  distance  from  the  toes  being  greater 

than  that  from  the  heel. 

When  this  rotatory  motion  of  the  foot  has  been  corn- 
Period  in  .  ii-ip  1  •   T         • 
which  the  foot    plcted,  and  the  last  impulse,  derived  from  the  straightening 

isoflfthe  ^£  ^-[^g  limb,  has  been  communicated  to  the  trunk,  so  that 

ground ; —  '  ' 

the  forward  movement  of  the  latter  is  continued,  the  toes 
are  raised  from  the  ground  by  the  flexion  of  the  ankle,  and  the  ex- 
tremity, a  little  shortened  by  the  bending  of  the  knee,  is  swung,  from 
behind,  close  beside  the  other  limb,  and  is  advanced  in  front  of  it, 
so  as  to  be  again  jDlanted  upon  the  groimd  ready  to  receive  the  weight 
of  the  body. 

In   the    first    stage  of  the  swinging  movement,    while 

first  stage,  .         _  - 

the  foot  is  behind  the  other,  the  toes  are  pointed  towards 
the  gTound  (fig.  6,  Z),  in  consequence  of  the  ankle  retaining  some  of 
the  extension  which  it  had  before  the  movement  began;  the  leg  and 
foot  may  also  be,  sometimes,  observed  to  undergo  a  slight  rotation  at 
the  knee,  in  such  a  manner  as  to  cause  a  turning  of  the  toes  ^'^^wards. 
In  the  second  stage  of  the  swinging,  when  the  foot  is 

second  stage, 

beside  the  other,  and  hangs  vertically  beneath  the  trunk, 
the  sole  has  become  parallel  with  the  ground,  and  the  toes  are  dii-ected 
straight  forward,  the  ball  of  the  great  toe  passing  beside,  and  beneath, 
the  internal  malleolus  of  the  other  leg,  so  as  just  to  avoid  it. 
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In  the  third  stage,  the  ankle  is  a  little  extended,  and 

third  stage.  i        i         • 

the  leg  IS  again  rotated  at  the  knee;  but  m  a  direction 
opposite  to  that  in  the  first  stage,  so  that  the  toes  have  a  slight  incli- 
nation outwaxds.  The  rotation  of  the  leg  mwards  in  the  first  stage 
of  the  movement,  and  citywards  in  the  last,  which  is  more  evident 
in  some  persons  than  in  others,  is  for  the  purposes  of  preventing  the  toes 
catching  against  foreign  bodies  when  the  foot  is  withdrawn  from  the 
gi'ound,  and  of  "widening  the  basis  of  support  when  it  again  reaches  the 
ground. 

The  swinging  forward  of  the  leg,  while  it  is  suspended 
induce  the  '^^  the  air,  is  due  to  three  causes.  First,  the  limb  partakes 
swinging  for-      ^^  ^^^  impulse  which  its  own  muscles  have  been  the  means 

■wards  of  the  leg.  '- 

of  communicating  to  the  trunk,  and  which  have  the  efiect 
of  carrying  it  through  a  distance  equal  to  that  which  is  traversed  by 
the  trunk.  This,  however,  is  not  sufiicient  to  account  for  the  whole 
movement;  forasmuch  as  when  the  foot  is  first  raised  from  the  ground 
it  is  behind  the  plane  of  the  acetabulum,  and  when  it  again  comes  into 
contact  with  the  ground  it  is  in  front  of  the  same  plane,  having  tra- 
versed a  distance  two  or  three  times  as  gi-eat  as  it.  Secondly,  the 
weight  of  the  limb,  acting  like  that  of  a  pendulum,  causes  it  to  swing 
upon  the  pelvis;  this,  added  to  the  first  cause,  would,  at  a  moderate 
rate  of  walking,  be  sufiicient  to  accomplish  the  movement.  Thirdly, 
there  is  the  force  of  the  psoas  and  other  muscles,  which  are  brought 
into  action  in  proportion  as  the  step  is  quickened.  Hence,  the  more 
rapid  the  movement,  the  greater  is  the  fatigue  attendant  on  it '. 

The  transfer  of  the  weight  of  the  body  from  one  limb 

Til 6  tnink  is 

carried  in  a  to  ^he  other,  and  its  propulsion  forwards,  in  walking,  are  so 
nearly  straight  jj^anaged,  that  there  is  no  unnecessary  movement ;  and,  con- 
sequently, no  needless  expenditure  of  muscular  po  .*^er.  The 
trunk  is  carried  along  in  a  nearly  straight  line,  with  very  little  rising 
and  falling,  without  any  swinging  backwards  and  forwards  or  to  either 
side,  and  without  rotation.  This  is  effected;  partly,  by  the  varying 
position,  and  the  varying  degree  of  flexion,  of  the  limb  which  rests  upon 
the  ground;  partly,  by  the  mode  in  which  the  pelvis  is  borne  upon  the 


■^  The  sfatement  {Cyclopedia  of  Anat.  ill.  466)  that  the  limb  swings  forward  by  the 
force  of  gravity  alone,  independently  of  muscular  action,  cannot  be  strictly  correct, 
because  if  that  were  the  case  it  would  always  swing  at  the  same  rate. 
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Iieads  of  the  tliigli-bones ;  and,  partly,  hj  tlie  mode  in  wliicli  the  different 
sets  of  muscles,  of  the  opposite  sides,  are  made  to  assist  and  counter- 
balance one  another. 

it  rises  and  ^^1'  instance,  it  has  just  been  said  that  each  lower  limb, 

faUs  very  uttie,  -y^i^^en  first  placed  upon  the  ground,  is  a  little  bent  at  the 
knee  and  extended  at  the  ankle;  that,  when  the  trunk  is  passing  verti- 
cally over  it,  the  knee  is  still  bent,  and  the  hip  and  ankle  are  also 
slightly  bent ;  and,  further,  that  as  the  trunk  is  advanced  forwards,  the 
limb  is  gradually  lengthened  by  the  extension  of  the  knee  and  the 
raising  of  the  heel.  Now,  the  shortening  of  the  limb  in  one  stage  of 
the  step,  and  the  leng-thening  of  it  in  another,  are  so  regulated,  with 
regard  to  the  perpendicular  and  oblique  positions  of  the  limb  in  the 
several  stages  of  the  step,  as  to  maintain  the  head  of  the  femur,  and 
with  it  the  trtink,  almost  at  a  uniform  level.  Hence,  when  we  walk 
with  a  deliberate  easy  step  the  head  is  not  moved  up  and  down,  so  much 
as  we  might  suppose  that  it  would  be,  but  describes  nearly  a  straight 
line,  and  is  carried  at  a  somewhat  lower  level  than  the  height  of  the 
person  when  standing  erect.  If,  however,  the  step  be  long  and  mea- 
sured, and  the  knee  be  straightened  before  the  foot  is  jDlaced  on  the 
ground,  as  in  the  case  of  soldiers  marching,  the  body  is  moved  in  a  more 
distinctly  wavy  line;  it  may  be  seen  to  rise  when  it  passes  vertically 
over  each  limb,  and  to  descend  in  the  interval  between  those  pei'iods. 
This  is  attended  with  more  muscular  effort,  and  is  consequently  more 
fatiguing. 

The  body  is  not  swayed  from   side  to  side  when  the 

is  not  swayed 

from  side  to  Weight  is  transferred  from  one  leg  to  the  other ;  because  the 
extremities  are  slanted  inwards  from  the  pelvis,  in  such 
a  manner  that  each  foot  is  placed  upon  the  ground  very  nearly  in  the 
antero-posterior  plane  of  gravity ;  and  any  tendency  of  the  trunk  to  be 
inclined  to  the  opposite  side,  in  consequence  of  the  foot  not  being 
exactly  beneath  the  centre  of  gravity,  is  neutralized  by  the  impulse,  in 
an  opposite  direction,  which  has  just  been  received  from  the  other  leg, 
and  by  the  contraction  of  the  muscles  which  steady  the  pelvis  upon  the 
thigh.  The  rolling  ungainly  movement  of  the  shoulders,  which  we  some- 
times observe  in  persons  as  they  walk,  is  an  acquired  habit;  or  it 
results  from  great  width  of  pelvis,  or  from  the  extremities  descending  in 
too  vertical  a  manner,  or,  which  is  perhaps  the  most  frequent  cause, 
fi'om  the  legs  slanting  outwards,  from  the  knees,  to  the  ground. 
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Rolling  of  the  trunk  backwards  and  forwards,  and  Tota- 

nor  rolled. 

backwards  and  tion  upon  a  vertical  axis,  under  tlie  influence  of  the  alter- 
orwar   .  nate  action  of  the  muscles  which  are  employed  in  p)ropel- 

ling  it,  are  prevented,  partly,  by  the  muscles  being  so  arranged  as 
to  antagonise  each  other's  tendency  to  rotate  the  pelvis  uj^on  either  a 
horizontal  or  a  vertical  axis.  In  this  way  they  render  the  pelvis 
steady  and  preserve  the  proper  direction  of  the  trunk ;  and,  in  addi- 
tion, they  provide  a  mutual  point  d'appui,  so  that  the  whole  force 
of  each  may  be  employed  in  the  desired  manner.  Thus,  when  the 
glutsei  and  other  extensor  muscles,  of  the  one  side,  are  engaged  in 
straightening  the  limb  which  is  upon  the  ground,  their  tendency  to 
rotate  the  pelvis  Sac^wards  upon  a  horizontal  axis  is  prevented  by  the 
action  of  the  psoas  and  other  muscles,  of  the  opposite  side,  wliich  are 
engaged  in  swinging  that  limb,  and  which  have  a  tendency  to  rotate 
the  pelvis  ybrwards.  The  power  of  the  latter  set  of  muscles  is,  it  is 
true,  considerably  less  than  that  of  the  former  set;  but  it  must  be  re- 
membered that  they  are,  in  this  duty,  assisted  by  the  inclination  for- 
wards of  the  upper  part  of  the  trunk,  and  by  the  consequent  ten- 
dency of  the  weight  of  the  trunk  to  increase  the  horizontal  rotation 
of  the  pelvis.  In  the  like  manner,  the  tendency  which  the  extensor 
muscles  would  have  to  cause  rotation  of  the  pelvis  upon  a  vertical  axis 
in  one  direction,  is  resisted  by  the  anterior  fibres  of  the  glutseus  medius 
and  by  the  impulse  in  an  opposite  direction,  which  the  trunk  has  just 
received  from  the  other  limb. 

Swinging  of  'Yh.Q  balance  of  the  trunk  is  still  further  preserved  by 

the  arms.  ^^  swinging  of  the  arms  upon  the  scapulae ;  the  movement 

of  each  arm  being  in  an  opposite  direction  to  that  of  the  lower  extre- 
mity of  the  same  side. 

The  inclination  of  the  \ipper  part  of  the  trunk  forwards, 
thetnmkfor-  wliicli  is  maintained  in  walking  and  running,  and  which 
■wards  assists      increases  in  proportion  to  the  rate  of  progression,  serves  to 

progression.  ■'■■'-  x       o  ;■ 

advance   the  line   of  gravity,  in  front    of  the    ankle,    and, 
therefore,  to  diminish  the  amount  of  force  required  to  elevate  the  heel. 

This  forward  inclination  of  the  trunk  is  further  necessary  to  pre- 
serve the  balance  of  the  body,  in  consequence  of  the  direction  in  which 
the  propelling  impulses  are  received  from  the  lower  extremities,  and  in 
consequence  of  the  resistance  of  the  air.  Just  as  when  we  balance 
a  stick  upon  the  finger,  and  wish  to  move  it,  we  must  give  it  an  inclina- 
tion in  the  direction  towards  which  it  is  to  be  carried,  and  projDortionate 
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to  the  velocity  of  the  movemeut ;  so  must  the  trunk  be  bent  upon  the 
pelvis,  more  or  less,  according  to  the  rate  of  progression'.  The  distance 
from  the  acetabula  to  the  top  of  the  head  being  one  half  of  the  height 
of  the  whole  body,  and  the  upper  half  being  the  heavier^,  the  requisite 
inclination  of  the  trunk  forwards  could  not  be  carried  to  any  great  extent 
without  danger  of  frequent  overbalancing  of  the  body,  were  it  not  for  the 
fact  that  the  knee  is  always  more  or  less  bent  when  the  body  is  moved 
onward;  and  this,  owing  to  the  great  proportionate  length  of  the  human 
thigh,  throws  the  pelvis  backward,  as  has  been  just  mentioned,  and  the 
weight  of  the  buttocks  in  part  counterbalances  that  of  the  head  and 
shoulders.  Moreover,  when  the  pace  is  quickened,  and  the  inclination 
of  the  trunk  is  increased,  the  knee  is  always  more  bent ;  and  the  pelvis 
is,  consequently,  thrown  further  back,  as  well  as  maintained  at  a  lower 
level. 

It  is  found  that  the  rapidity  with  which  the  several 

Kelation  be-  !•  i        ,  i       ,     i    • 

tweeii  length  stages  01  each  step  are  conducted  is  proportionate  to  the 
ofS'i^^'''''  /e^igr^A  of  the  step ;  that  is  to  say,  the  longer  the  step  the 
quicker  is  it  made.  Hence  the  rate  of  progress  is  accelerated 
by  an  increase  of  both  the  length  and  the  celerity  of  the  step  at  the 
same  time.  The  quicker  the  movement  the  longer  is  the  step,  and  the 
shorter  also  is  the  period  during  which  the  two  feet  are  upon  the  ground 
together.  The  fastest  walking  is  when  this  period  is  reduced  to  a  mini- 
mum, the  one  foot  being  withdrawn  from  the  ground  directly  the  other 
is  placed  upon  it ;  and  the  rate  at  which  the  body  can  be  moved  alono*, 


^  "  It  is  well  known  that  when  any  portion  of  a  rigid  body  receives  motion  from  a 
neighbouring  body,  all  the  parts  of  the  rigid  body  will  partake  of  the  same  motion,  only 
when  the  direction  of  the  force  passes  from  the  point  of  contact  through  the  centre  of 
gravity.  If  this  is  not  the  case,  as,  for  example,  when  the  upper  extremity  of  the  pro- 
pelling leg  acts  on  the  lower  part  of  the  trunk  of  the  human  body  in  the  erect  position, 
the  lower  part  would  be  propelled  forwards  and  upwards,  whilst  the  centre  of  gravity 
of  the  trunk  would  be  left  behind,  and  fall  backwards ;  but  if  this  centre  be  inclined 
forwards  at  the  beginning  of  the  step,  the  weight  of  the  body  and  its  required  momen- 
tum will  propel  it  forwards  and  downwards ;  hence  the  resultant  of  the  several  forces 
will  be  a  force  which  propels  the  body  forwards  in  a  direction  which,  by  experience,  is 
found  to  be  nearly  horizontal :  but  there  is  also  another  force  which  affects  the  trunk, 
namely,  the  resistance  of  the  air,  which  tends  to  turn  the  trunk  backwards,  and 
must  be  counteracted  by  the  force  of  gravity,  through  the  inclination  of  the  trunk 
forwards.  The  amount  of  this  constant  incUnation  of  the  trunk  must  be  estimated  by 
the  resistance  which  it  encounters  from  the  air  in  walking  and  running."  John  Bishop 
in  Cycl.  Anat.  iii.  459. 

2  The  horizontal  plane  of  the  centre  of  gravity  was  found  by  Weber  to  lie  about 
half  an  inch  above  the  promontory  of  the  sacrum. 
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in  walking,  is  limited  by  tlie  length  of  tlie  stride  and  the  celerity  with 
which  the  several  stages  of  the  step  can  be  conducted. 

If  greater  rapidity  be  required,  Running  is  substituted 
feet  off  the  for  Walking.  The  difference  is  that  the  trunk,  instead  of 
ground  at  the     ][3gij^g  quietly  delivered  over  from  one  lecf  to  the  other  which 

same  time.  &  u  j  o 

is  already  upon  the  ground  to  receive  it,  is  thrown  forward, 
with  a  spring,  by  the  muscles  of  the  leg  which  is  leaving  the  ground,  and 
remains,  for  a  time,  suspended  in  the  air,  or,  rather  flying  through  the 
air.  Hence,  in  running,  both  feet  are  in  the  air  at  the  beginning  and 
end  of  each  step,  that  is,  in  the  periods  corresponding  to  those  in  which 
both  are  upon  the  ground  in  walking;  and  the  length  of  the  step  is 
no  longer  limited  by  the  length  of  the  stride,  which  can  be  taken  while 
both  feet  are  upon  the  ground,  but  superadded  to  that  is  the  distance  to 
which  the  body  can  be  driven  through  the  air  while  both  feet  are  off  the 
ground.  It  need  scarcely  be  remarked  that  this  propulsion  is  attended 
with  great  effort,  and  that  running  is,  therefore,  considerably  more 
fatiguing  than  walking. 

In  running,  the  pei-iod  during  which  each  foot  is  upon 

Period  in  which 

the  foot  is  on      the  ground  (fig.  9,  R)  is  shorter  than  that  in  which  it  is  in 
egioun  .        ^-j^^  ^.^^  ^^^  ^^^  disproportion  increases  with  the  quickness 

of  the  step.  Indeed,  in  fast  running  the  foot  is  on  the  ground  only 
during  the  short  time  in  which  the  trunk  is  passing  vertically  over  it, 
and  during  the  first  part  of  the  time  in  which  the  trunk  is  being  ad- 
vanced in  front  of  it.  The  limb  is  at  first  bent  at  the  knee  and  hip,  and 
becomes  quickly  straightened;  the  changes  which  take  place  correspond- 
ing with  those  in  the  second  and  third  stages  of  the  same  period  in 
walking.  Thoiigh  the  first  stage  can  scarcely  be  said  to  exist  in  running; 
for,  as  just  mentioned,  by  the  time  the  foot  has  reached  the  ground  the 
trunk  is  already  vertically  over  it,  or  nearly  so ;  whilst  the  heel  scarcely 
touches  the  ground,  and  the  foot  revolves,  almost  exclusively,  upon  the 
balls  of  the  toes.  The  impulse  which  is  communicated  by  the  sudden 
and  forcible  lengthening  of  the  limb  is  sufficient  to  drive  the  whole  body 
through  the  air  for  a  certain  distance,  and  to  urge  it  onwards  during  the 
chief  part  of  the  period  in  which  the  other  leg  is  upon  the  ground. 

When  the  limb  has  completed  its    extension  and  has 

Period  in  which 

the  foot  is  off     given  to   the  body  the  impulse   resulting  therefrom,  it  is 

legroiin  .       raised  from  the  ground  (fig.  8,  L),  partly,  in  consequence  of 

its  being  carried  on  by  the  forward  movement  of  the  trunk,  and,  partly, 

in  consequence  of  the  flexion  of  the  hip  and  knee,  which  results  from 
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muscular  action ;  and  it  liegins  to  be  swung  forward  before  tlie  other  foot 
readies  tlie  ground.  The  swinging  takes  place  quickly ;  the  limb  (fig.  9, 
i)  is  thereby  carried  beside,  and  to  the  front  of,  the  other  limb  (i?), 
which  is  upon  the  ground;  and  the  forwai-d  movement  is  continued 
for  a  short  time  after  the  latter  (E,  fig.  10)  has  left  the  ground.  The 
foot  (Z,  fig.  10)  does  not  advance  so  far  in  front  of  a  perpendicular 
line  falling  through  the  hip-joint,  as  if  it  had  been  (L,  fig.  8)  situated 
behind  the  same  line;  because  the  rapid  progress  of  the  trunk  does  not 
give  sufficient  time  for  the  completion  of  the  pendulum-like  movement 
and  the  extension  of  the  limb.  The  quicker  the  progress  of  the  trunk  the 
greater  is  the  disproportion  between  the  angles  formed  by  the  extremity 
in  front  and  behind  the  perpendicular  line ;  and  in  the  fastest  running 
the  anterior  angle  is  lost  altogether,  the  foot  being  just  brought  up  to, 
but  not  advanced  in  front  of,  the  perpendicular.  It  follows  from  this,  as 
well  as  from  the  fact  of  the  two  limbs  swinging  in  the  air  at  the  same 
time,  that  a  greater  number  of  steps  can  be  taken  in  a  given  time  in 
rimning  than  in  walking. 

Both  the  carrying  and  the  swingina;  limb  are  more  bent 

Limbs  more  _  _  .  . 

bent  than  in       in  running  than  in  walking,  when  they  are  placed  vertically 
"'  beneath  the  trunk;  whereby  the  swinging  movement,  and, 

consequently,  the  step,  is  still  further  quickened,  the  propulsive  power 
is  increased,  and  the  body  is  carried  at  a  lower  level. 

The  trunk  is  cai-ried  along,  by  virtue  of  the  same  provi- 

Trunlc  carried  _ 

in  a  straigiit  sions  as  in  Walking,  nearly  in  a  straight  line,  with  scarcely 
any  rising  and  falling',  without  swaying  forwards  and  back- 
wards, or  to  either  side,  and  without  rotation.  The  incHnation  of  the 
trunk  forwards  is  regulated  according  to  the  velocity  of  the  movement ; 
and  its  balance  is  preserved  by  the  proportionate  resistance  of  the  atmo- 
sphere, by  the  projection  of  the  buttocks,  which  is  an  attendant  on  the 
flexure  of  the  knees  and  hips,  and  by  the  powerful  contractions  of  the 
several  muscles. 

Walking  and  running  are  the  common  modes  of  progression,  and  the 
most  impoi-tant  movements,  of  the  body.  It  would  be  entering  on  too 
wide  a  field,  however  interesting  the  subject,  to  attempt  to  explain  the 
mode  in  which  the  various  other  movements  of  the  liiunan  frame  (such 
as  hopping,  leaping,  turning,  &c.)  are  effected. 


1  Weber  says  that  the  vertical  movement  is  even  less  than  in  walking;  and  that 
the  trunk  is  lowest  when  passing  perpendicularly  over  each  limb,  instead  of  being 
then  highest,  which  he  finds  from  his  experiments  to  be  the  case  in  walking. 


THE  HOMOLOGY  OF  THE   SKELETONS     (Plate  LX.) 

In  tlie  preceding  pages  scarcely  any  mention  has  been  made  of  the 
Homology  of  the  several  parts  of  the  skeleton;  because,  after  a  careful 
review  of  the  subject,  which  is  undoubtedly  a  very  difficult  one,  I 
found  that,  although  I  could  quite  assent  to,  and  adoj)t,  the  general 
features  and  most  of  the  particulars  of  the  plan  laid  down,  with  so  much 
ability,  by  Professor  Owen,  and  commonly  adopted  in  our  schools,  yet  that 
I  could  not  acquiesce  in  certain  of  the  details  of  that  system.  It  would 
be  foreign  to  the  scope  of  the  present  work  to  enter  into  any  lengthened 
disquisition,  which  might  be  necessary  to  explain  my  reasons  for  dis- 
senting, in  some  important  points,  from  the  views  of  one  whose 
authority  is  so  deservedly  esteemed.  Nevertheless,  it  does  not  seem 
right  to  pass  over,  with  mere  occasional  allusions,  a  branch  of  our 
science  which  is  deeply  interesting,  and  which  has  received  more  or 
less  attention  at  the  hands  of  most  of  the  philosophical  anatomists  of 
modern  times.  I  propose,  therefore,  to  give  here  a  brief  account  of 
the  conclusions  to  which  I  have  been  led  respecting  the  homology  of 
the  human  skeleton;  but  must  be  content  to  defer  all  the  reasons  upon 
which  those  conclusions  are  based  to  a  short  account  of  the  "Morphology 
and  Homology  of  the  Vertebrate  Skeleton,"  which,  I  hope,  will  soon 
follow  as  an  Appendix  to  this  Volume.  The  following  remarks  have 
reference  to  the  human  skeleton  only;  though  they  are  the  results  of 
observations  and  comparisons  of  the  several  vertebrate  classes. 

I  think  it  is  to  be  regretted  that  so  much  new  and  difficult  nomen- 
clature has  been  introduced;  and  shall,  therefore,  endeavour  to  avoid 
that,  and  shall  use  familiar  terms  as  far  as  possible. 

The  Bodies  of  the  vertebrae,  arranged  in  front  ^  of  one 

Centra. 

another,  and  connected,  in  most  instances,  by  fibro-cai-tilage, 
form  the  centre,  or  axis,  of  the  skeleton,  which  is  interposed  between 


^  This  was  the  subject  of  a  communication  to  the  British  Association  at  Leeds, 
September,  1858. 

^  In  this  section  the  skeleton  is  supposed  to  be  placed  with  the  dorsal  surface 
uppei-most,  to  facilitate  the  comparison  with  that  of  the  lower  animals. 
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the  cerebro-spinal  nervous  axis,  above,  and  the  circulating,  digestive  and 
respiratory  viscera,  beneath;  they  are,  therefore,  virell  named  the  centra. 
They  are  in  close  relation  to,  and  are  developed  in  close  connection  with, 
the  ganglia  which  foirn  the  primitive  constituents  of  the  cerebro-spinal 
neiu'al  axis ;  each  centrum  corresponding,  apparently,  with  a  pair  of 
these  ganglia.  Their  shape  usually  approximates  to  that  of  a  sphere ; 
but  sometimes  deviates  from  it  very  considerably.  One  of  the  modifi- 
Supra-and  cations  is  caused  by  out-growths  from  the  superior  or 
sub-central        inferior   surface   of    the   centrum.       Those   in   the   former 

growths.  .  .  .,..-, 

Situation — such  as  the  posterior  clmoid  processes  oi  the 
sphenoid  bone,  and  the  crista  galli  of  the  sethmoid — may  be  called 
Supra-central;  those  upon  the  under  surface — such  as  the  prominences 
on  the  fore  part  of  the  cervical  vertebrae,  and  the  rostrum  or  azygos  pro- 
cess of  the  sphenoid — may  be  called  Sub-central.  They  are  usually  mere 
out-growths  j  but  it  appears  that,  when  large,  they  may  be  developed 
from  separate  osseous  nuclei;  and  it  is  probable  that  the  inferior  arch 
of  the  atlas  is  of  this  nature. 

The   neural   axis  lies   upon   the   upper  surface   of  the 

Neiiral  arches.  _  _        _ 

centra,  enclosed  in  a  tube  which  is  formed  by  a  series  of  bony 
arches  called  neural  Arches  (fig.  1).  Each  of  the  neural  arches  rests  by  a 
pedicle,  on  either  side,  upon  one  of  the  centra,  and,  with  it,  constitutes 
a  complete  transverse  segment  of  the  neural  Tube;  and  each  neural  arch 
is  composed  of  lateral  portions,  or  alee — the  neural  Alee — which  spring 
from  the  sides  of  the  centrum,  and  which  may  be  confluent  in  the 
middle  line,  above,  or  may  be  united  by  one,  or  two,  mesial  portions — 

the  neural  Sinnes.     In  the  spinal  column  the  neural  spines 

Neural  spines. 

are  often  absent,  or  are  merely  small  osseous  nuclei  formed 
at  the  tip  of  the  process  which  runs  from  the  point  of  union  of  the 
neural  alse  (p.  121);  in  the  cranium,  however,  they  form  an  important 
part  of  the  covering  of  the  brain. 

,    ,  Between  the  pedicles  of  the  neural  alse  of  contiguous 

Intervertebral  ^  ° 

foramina.  vertebrae  are  spaces  —  the  Intervertebral  foramina — which 

transmit  vessels  and  nerves  to  and  from  the  neural  canal.  In  the  cra- 
nium the  nerves  and  vessels,  which  are  more  numerous  than  in  the  spine, 
pass  not  ouly  through  the  intervertebral  foramina,  but  through  perfora- 
tions in  the  pedicles. 

.   ,  ^.  Processes  grow  out  from  the  neural  alse,  on  either  side, 

Articulating  °  '  ' 

processes.  in  front  and  behind,  which  come  into  contact  with,  and  are 

jointed  with,  corresponding  processes  of  the  contiguous  vertebrae — these 
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are  tlie  Articulating  jyrocesses.  In  the  cranium,  where  the  edges  of  the 
adjacent  alse  are  united  in  nearly  their  whole  length,  special  articulating 
processes  are  not  required ;  and  their  representatives  can  be  distinguished 
only  in  the  cartilaginous  jugular  facets  of  the  occipital  bones,  and, 
jjerhaps,  in  the  so-called  spinous  processes  of  the  sphenoid  bone. 
_,  Transverse  processes  also  grow  out  from  the  neural  alse, 

processes.  one  or  two  on  either  side.     When  there  are  two,  as  in  the 

cervical  vertebrae,  they  are  usually  placed  one  above  the  other,  the 
lower  one  springing  from  near  the  inferior  extremity  of  the  pedicle, 
close  to  the  attachment  to  the  centrum;  and  they  enclose  between  them 
a  space,  which  contains  an  arteiy.  This  space  may  be  closed  on  the 
distal  side  by  the  confluence  of  the  two  transverse  processes ;  it  is  thus 
converted  into  a  foramen — the  transverse  foramen. 

Or,  a  separate  piece  of  bone  may  be  appended  to  the 

transverse  processes  on  either  side,  to  one  or  both  as  the 
case  may  be.  It  may  become  ankylosed  with  them,  as  in  7th  cervical 
vertebra;  or  it  may  remain  sej)arate,  as  in  the  dorsal  region.  It  may 
be  called  the  Transverse  Ala.  Where  it  remains  separate  it  is  most 
commonly  inclined  downwards  (fig.  2),  on  the  side  of  the  visceral  cavity; 
and,  contributing  to  form  the  lateral  wall  of  that  cavity,  it  is  called  a 
rib.  In  some  parts  of  the  cranium,  however,  where  the  size  of  the 
neural  cavity  preponderates  over  that  of  the  visceral,  it  is  directed  up- 
wards (fig.  3)  and  assists  the  neural  arches  to  form  the  covering  of  the 
brain.  Under  these  circumstances  it  may  be  appended,  directly,  to  the 
neural  ala,  without  the  intervention  of  the  transverse  process. 

The  so-called  "viscera  of  organic  life"  are  placed  beneath  the  vertebral 
centra,  and  bear  a  relation  to  them  similar  to  that  of  the  brain  and  spinal 
cord,  but  not  nearly  so  intimate.  They  are  also,  more  or  less  completely, 
enclosed  in  an  osseous  tube,  which  is  formed  upon  the  inferior  surface 

of  the  vertebral  axis.     This  may  be  called  the  Visceral  Tube, 

Visceral  tube. 

to  distinguish  it  from  the  neural  tube;  with  which  it  cor- 
Viscerai  arches,  responds,  inasmuch  as  it  is  formed  of  a  series  of  arches — the 

Visceral  arches — which  descend  from  the  sides  of  the  centra, 
and  unite  in  the  middle  line,  below. 

Each  visceral  arch  is  an  appendage  to  one  of  the  centra;  but  the 
several  visceral  arches  do  not  preserve  their  relations  with  their  re- 
spective centra  quite  so  regvilarly  as  do  the  neural  arches;  indeed  it  is 
sometimes  difficult  to  tell  to  which  of  the  centra  a  particular  visceral 
arch  belongs.     They  are  subject  also  to  considerable  varieties,  in  accord- 
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auce  Avitli  the  variations  of  the  number,  size,  and  shape  of  the  organs 
they  have  to  protect,  and  the  different  uses  to  which  they  are  made 
subservient. 

■^.-^j^^i  The  most  reguk\r  components  of  the  visceral  arches  are 

elements.  the  Hcemcd  2}a'>'fs  of  the  vertebrae.     They  correspond,   ap- 

parently, "with  the  neural  j^arts,  being  formed,  like  them,  of  lateral  por- 
tions, or  alee,  one  on  either  side,  which  are  approximated  at  their  distal 
extremities,  and  are  united  in  the  mesial  line,  either  directly,  or  by 
the  intervention  of  one  or  more  separate  portions — the  haemal  Sjnnes. 
In  the  caudal  region  of  many  animals  the  hsemal  elements  are  applied, 
directly,  to  the  under  surface  of  the  centra,  forming  with  them  the 
whole  of  the  visceral  tube,  which,  in  that  region,  contains  only  the 
caudal  vessels:  hence  the  name  "Heemal."  Commonly,  however,  for 
the  purpose  of  enlarging  the  visceral  tube,  and  of  giving  more  space  to 
the  various  organs  contained  in  it,  the  hsemal  elements  are  removed  to 
a  considerable  distance  from  the  centra,  and  are  aj^pended  to  the  extremi- 
ties of  the  transverse  alae,  or  ribs,  which,  as  we  have  seen,  are  bent 
downwards  to  assist  in  forming  the  visceral  arches.  In  the  parts  of  the 
cranium  in  which  the  transverse  alee  are  devoted  to  the  construction  of 
the  neural,  instead  of  the  visceral,  arches,  the  heemal  elements  are  still 
appended  to  them. 

An  important  office  performed  by  the  haemal  parts  of 

The  limbs.  ^  ^  .  •  n     , 

the  vertebrae  at  the  anterior  and  posterior  regions  ot  the 
trunk,  is  to  afford  a  basis  for  the  Limbs,  which,  it  appears  to  me,  should 
be  regarded  as  appendages  to  the  hsemal,  and  not  to  the  pleural,  compo- 
nents of  the  skeleton. 

We  will  proceed  to  consider  the  several  regions  of  the  skeleton  homo- 
looically,  commencing  from  behind  and  travelling  forwards. 

The  hindmost  segment  of  the  skeleton — the  terminal 
The  COCCI'S.  .|^^^^  ^^  ^^^  Coccyx — is  an  illustration  of  the  fact  that  the 
various  elements  just  mentioned  are  not,  necessarily,  all  present  in  each 
vertebra;  inasmuch  as,  in  this  instance,  the  centrum  only  is  present, 
represented  by  a  little  pisiform  bone,  and  all  the  other  parts  are  wanting. 
In  the  anterior  portions  of  the  coccyx  the  neural  alee  (PL  XXX Y  I. 
fig.  1,  /)  are  superadded;  but  they  project  upwards  only  a  short  distance 
from  the  centra,  and  do  not  close  the  nem-al  canal,  above. 

The  Sacrum  represents  five  segments,  being  composed 
Thesaenim.       ^^^  ^^^  yei-tebraj  (PI.  XXXYI.  figs.  2  and  3),  which  become 

38 
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ankylosed.  The  Body  of  each  is  the  centrum  (PL  LX.  fig.  7).  The  neural 
alse  arch  over  the  neui'al  canal,  except  in  the  instance  of  the  hinder  two 
vertebrae,  where  they  do  not  quite  meet ;  and  neural  spines  may  be  formed 
upon  them,  though  they  are  commonly  absent.  Stunted  articulating  pro- 
cesses may  be  recognised ;  but,  for  the  same  reason  as  in  the  cranium, 
they  are  almost  abortive.  Two  transverse  processes  from  each  vertebra, 
on  either  side — an  ujDper  and  a  lower — and  the  transverse  ala,  or  rib,  are 
united  together  to  form  the  septa  between  the  intervertebral  foramina 
and  the  lateral  parts,  or  "alse,"  of  the  sacrum.  The  transverse  processes 
grow  out  together;  and  are  not  separated  by  any  interval,  as  they  are 
in  the  neck.  The  rib  is  developed  from  a  distinct  nucleus  (PL  IV. 
fig.  5,  //). 

Ossainnomi-  'I^iQ  OssA  Innominata  constitute  the  viscejxil  arches  of 

"^*-^-  the  pelvis,   enclosing  the  urinary  and  genital    organs,  the 

tei-minal  portion  of  tlie  alimentary  tube,  and  the  blood-vessels.  They 
appear  to  be  composed  of  the  hsemal  elements  of  two  of  the  sacral 
vertebrse;  the  Pubes  being  the  hcemal  spine  of  one,  the  Ischium  of 
the  other,  with  the  obturator  foramen — or  inter-lisemal  space — between 
them;  and  the  Ilium  being  the  conjoined  hcemal  alee  of  the  two.  The 
latter  rests  upon  two  or  three  sacral  ribs  (p.  451).  The  hinder  Limbs 
are  appendages  diverging  from  the  points  of  junction  of  the  hsemal  alse 
with  the  haemal  spines. 

Lumbar  ^^  ^^^^  LuMBAR  portion  of  the  skeleton  (PL  LX.  fig.  4) 

vertebrae.  the  Centra,  neural  arches,  and  neural  spines,  the  articulating 

processes,  and  the  upper  transverse  processes,  are  present.  Separate  alse, 
or  ribs,  are  occasionally  formed  upon  the  latter.  The  lower  transverse  pro- 
cesses are  absent,  or  are  represented  only  by  slight  prominences  (this  seen 
on  the  side  of  B,  PL  lY.  fig.  8.  C  is  the  upper  tr.  pr.).  The  visceral 
arches,  extending  from  the  extremities  of  the  transverse  processes,  are 
membranous;  and  the  Lineje  tkansvers^  in  the  recti  muscles  are  the 
only  representatives  of  the  hcemal  elements  in  this  region, 
-p  J...  J     ,  In  the  Dorsal  region  (PL  LX.  fig.  5)  the  same  vertebral 

brfe.  elements  are  jiresent  as  in  the  loins.    The  inferior  transverse 

processes  are  rudimentary  (PL  IV.  fig.  7) ;  but  the  sepai'ate  transverse  alee, 
or  Ribs,  which  form  the  chief  distinguishing  feature  of  the  dorsal  Verte- 
brae, are  developed  to  a  considerable  extent,  and  descend  on  the  sides  of  the 
trunk  as  parts  of  the  visceral  arches.  In  the  case  of  the  hinder  dorsal 
vertebrae  the  ribs  are  jointed  only  with  the  rudimentary  inferior  trans- 
verse processes;  and  their  lower  exti'emities  are  free,  the  visceral  arches 
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being  incomplete  below.  Further  forwards,  the  ribs  are  attached  to 
the  upper,  as  well  as  to  the  lower,  transverse  processes;  and  the  visceral 
arches  are  completed,  below,  by  the  presence  of  hcemal  elements — the 
Sternum  and  Costal  Cartilages.  The  Costal  Cartilages  represent 
the  haemal  ala; ;  and  the  Sternum  is  composed  of  a  number  of  hfemal 
spines  (indicated  by  the  nuclei  of  ossification,  one  in  the  middle  line, 
or  one  on  either  side,  PI.  XXII.),  which  are  fused  together  into  one 
bone. 

Cervical  ^^  ^'^®  Keck  (PL  LX.  fig.  6)  a  tendency  to  subcentral 

vertebras.  growths  is  evinced  in  slight  projections  on  the  under  parts  of 

the  bodies  of  the  vertebrse.  The  neural  arches  completely  enclose  the 
vertebral  canal,  above,  as  in  the  sacral,  lumbar,  and  dorsal  regions ;  and, 
at  the  point  of  theii-  confluence,  two  neural  spines  are  formed  in  each  ver- 
tebra. The  articulating  processes  project  ft'om  the  neural  alas  less  than  in 
the  back  and  loins.  Both  the  inferior  and  the  superior  transverse  pro- 
cesses grow  out  (PI.  IV.  fig.  6,  and  YI.  fig.  2)  from  the  neural  pedicle,  en- 
closing between  them  the  foramen  for  the  vertebral  artery.  The  superior 
process,  which  is  the  larger,  grows  downwards  so  as  to  form  the  outer 
part  of  the  circumference  of  the  foi'amen ;  and  it  meets,  and  becomes 
united,  -svith  the  inferior  process.  A  separate  piece  of  bone,  or  distinct 
rib,  is  very  seldom  seen  here  in  man  and  mammals,  though  very  common 
in  birds  and  reptiles.  In  the  7  th  cervical  vertebra,  however,  the  place 
of  the  anterior  transverse  process  is  often  supplied  by  a  distinct  ala 
(PI.  Y.  fig.  1,  E),  which  may  remain  separate,  forming  a  cervical  rib 
(PL  YL). 

In  the  Axis  the  subcentral  formation  is  more  marked 
than  in  the  vertebrae  which  are  situated  further  back. 
The  Odontoid  process  is  the  centrum  of  the  atlas,  detached  from 
that  bone  and  imited  to  the  centrum  of  the  axis.  It  may  have  an 
epiphysis  at  its  summit  (PL  YII.  fig.  4,  B) ;  and  epiphyses  (fig.  3,  A) 
may  be  developed  at  the  under  parts  of  the  neiu-al  alse,  which  run  to 
some  distance  between  the  body  of  the  vertebra  and  the  odontoid 
process. 

In  the  Atlas  it  may  be  a  question  whether  the  Under 

Tiie  atlas 

part  of  the  Ring,  against  which  the  odontoid  is  applied, 
shoixld  be  regarded  as  corresponding  Mdth  the  lower  part  of  the  body  of 
the  vertebi"a — that  is  to  say,  as  a  subcentral  formation ;  or  whether  it  is 
an  extension  of  the  under  parts  of  the  neural  alee.  Many  circumstances 
indicate  the  former  to  be  the  correct  supposition;  but  the  specimens 

38—2 
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represented  in  PL  VIII.  sviggest  that  the  part  may  be  a  derivative, 
either  from  the  centrum,  or  from  the  neural  ala3;  just  as  the  tipper- 
most  part  of  the  neural  arch  of  the  atlas  may  be  formed  either  by  a  con- 
fluence of  the  neural  alae  alone,  or  by  them  with  the  addition  of  a  neural 
s2Dine  interposed  between  them  (p.  132). 

The  sea  uiar  ^^®  ScAPULAR  Arch,  like  the  pelvic,  appears  to  me  to 

arch.  consist  of  the  hcemcd  elements  of  two  vertebrae;  the  Blade 

of  the  Scapula  being  composed  of  two  haemal  alee  united  together ;  the 
Clavicle  representing  one  haemal  sjnne,  and  the  Goracoid  process 
the  other.  This  arch  is  connected,  beneath,  through  the  medium  of 
the  clavicle,  with  the  haemal  spine  of  the  first  dorsal  vertebra;  above,  it 
is  quite  free.  We  have,  therefore,  no  osseous  clue  to  assist  us  in  de- 
ciding to  which  of  the  vertebi'se  it  more  especially  belongs.  Various 
considerations  induce  me  to  assign  it  to  the  hinder  two  of  the  cer%'ical 
group;  and  I  believe  that  it  forms  the  incomplete  visceral  arches  of  these 
vertebrae. 

In  the  Skull  the  several  bones  are  so  locked  together, 

Cranuxni.  ° 

and  so  modified  in  shape,  in  consequence  of  the  sudden 
expansion  of  the  neiu'al  tube  and  the  difierent  uses  to  which  the  compo- 
nents of  the  visceral  tube  are  aj^plied,  that  it  is  difiicult  to  recognise, 
with  certainty,  the  homological  relations  of  the  several  parts.  An 
additional,  and  very  considerable,  difficulty  is  occasioned  by  the  fact 
that  certain  elements  of  two  vertebrae,  besides  other  bones,  are  united 
together  into  that  which  we  call  the  temporal  bone.  There  seems  good 
reason  for  the  opinion,  maintained  by  Owen  and  others,  that  four 
vertebrae  are  combined  in  the  construction  of  the  skull.  They  are,  to 
a  certain  extent,  indicated  by  the  names  "Occipital,"  "Posterior  Sphe- 
noid," "Antei'ior  Sphenoid,"  and  "  Ethmoid  \" 

Occipital  '^^^  Basilar  portion  of  the  occipital  bone  is  the  centrum 

vertebra.  of  the  OcciPiTAL  Vertebra  (figs.  9  and  10).     It  is  sixper- 

ficially  channelled,  vipon  its  upper  surface,  for  the  medulla  oblongata ;  and 
it  presents,  beneath,  in  the  tubercle  to  which  the  pharyngeal  muscles  are 
attached,  and  in  other  less  marked  projections,  some  indications  of  sub- 
central  growths.  The  Sides  of  the  Foramen  Magnum  are  the  Pleural  aloi. 
They  are  joined  to  the  centrum,  beneath :  above,  they  coalesce  to  com- 
plete the  circle  of  the  neural  arch;   or  a  process  of  the  neural  spine 


^  They  may  be  also  called  "Occipital,"  "Parietal,"  " Frontal, "  and  "Nasal;"  or 
'Auditory,"  "Gustatory,"  "Optic,"  and  "Olfactory." 
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may  be  interposed  between  tliem ;  or  a  sej)arate  piece  may  be  developed 
at  the  point  of  tlieir  junction  (p.  238,  footnote).  The  Condyles  are 
the  posterior  articulating  2^Tocesses ;  and  the  Cartilaginous  Surface  of 
the  Jugular  process,  on  either  side,  may  be  the  representative  of  the 
anterior  articidating  j^rocess.  The  Jugular  processes  themselves  appear 
to  be  transverse  processes.  The  Expanded  part  of  the  bone  is  the 
neural  spine.  This  may  be  formed  from  one  or  from  several  centres 
(p.  238).  The  Mastoid  and  Styloid  portions  of  the  temporal  bones 
rejjreseut  the  transverse  alee.  The  Lesser  Cornua  of  the  Hyoid  bone 
are  the  hoimal  aim;  the  Body  of  the  hyoid  is  the  Jicemal  spine;  and  the 
Great  Cornua  of  the  hyoid  are  diverging  appendages^  corresponding 
probably  with  the  limbs  which  I  have  described  as  aj^pendages  to  the 
haemal  parts  of  the  vertebrae.  Thus,  the  hyoid  bone,  with  the  stylo- 
hyoid ligaments,  and  the  styloid  processes',  complete  the  visceral  arch. 
The  hinder  part   of  the  Body  of  the  sphenoid   is  the 

Posterior 

spenoid  centrum  of  the  Posterior  Sphenoid  Vertebra  (figs  9  and 

11).  Its  inteiior  is  hollowed  oxit,  on  either  side  of  the  mid- 
dle line,  to  form  the  sphenoid  sinus.  Above,  it  is  prolonged,  by  means 
of  supracentral  groioths,  into  the  Posterior  Clinoid  Processes,  and  the 
liinder  edge  of  the  Olivary  Tubercle;  beneath,  a  slight  ridge,  which 
forms  the  commencement  of  the  Rostrum,  and  upon  which  the  vomer  is 
applied,  is  a  rudimentary  suhcentral  growth.  The  Great  Al.^  are  the 
neural  aloe;  and  the  Parietal  bones  are  the  neural  spine.  The  Ptery- 
goid Processes,  both  of  which  grow  from  the  neural  alse,  are  the  trans- 
verse processes.  The  Squamous  parts  of  the  temporal  bones  seem  to  stand 
in  the  same  relation  to  this  vertebra  that  the  mastoid  parts  do  to  the 
occipital  vertebra,  that  is  to  say,  they  are  the  transverse  aloi ;  and 
they  are  connected,  beneath,  with  the  Lower  Jaw,  which  is  the  repre- 
sentative of  the  hoimal  elements,  and  which  forms  the  visceral  arch. 
In  the  Condyloid  portions  of  the  lower  jaw  we  may,  probably,  recog- 
nise the  hfemal  alee,  in  the  Rami  the  haemal  sjnnes,  and  in  the  Angles 
the  diverging  eipjyendages. 

The    Fore    part    of  the    body    of  the  srjhenoid,   which 

Anterior 

sphenoid  is  developed  separately  from  the  hinder  part,  though  it  sub- 

seqiiently  coalesces  with  it,  is  the  centrur)i  of  the  Anterior 


1  It  may  be  a  question  whether  the  styloid  processes  of  the  temporal  should  not  be 
regarded  as  belonging  to  the  hseraal,  rather  than  to  the  transverse,  elements  of  the 
vertebra. 
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Sphenoid  Vertebra  (figs.  9  and  1 2).  Superiorly,  it  forms  the  anterior 
part  of  the  olivary  tuhercle.  Its  lateral  parts  are  so  hollowed  out, 
or  rather  removed,  to  increase  the  size  of  the  sphenoid  sinus,  that  the 
chief  constituent  is  the  median  plate,  which  is  continuous,  behind, 
with  the  median  plate  of  the  posterior  sphenoid  centrum,  and  is  pro- 
longed, beneath,  into  the  Rostrum,  which  may  be  regarded  as  a  sub- 
central  gTowth.  The  Lesser  Al^  of  the  sphenoid  are  the  oieural 
alee;  and  the  Frontal  bone  is  the  neural  spine.  From  the  under 
surface  of  the  netiral  ala,  on  either  side,  a  bony  plate  descends,  which 
forms  the  lateral  boundary  of  the  fore  part  of  the  sphenoid  sinus, 
and  corresponds  in  position  with  the  pterygoid  processes  of  the  pos- 
terior sphenoid  vertebra.  I  regard  this  to  be  a  transverse  process. 
From  it  hangs  the  Palate  bone,  which  appears  to  be  the  transverse 
ala,  and  which  is  connected,  in  front,  with  the  Superior  Maxillary 
bone.  The  latter  represents  the  hmmal  parts  of  this  vertebra,  and  sends 
off  the  Malar  bone  as  a  diverging  apfendage^ .  The  visceral  arch  of 
the  anterior  sphenoid  vertebra  is  formed  therefore  by  the  palate  and 
superior  maxillary  bones.  The  fore  part  of  the  respiratory  tube  alone 
is  enclosed  by  it,  and  is  separated  by  it  from  the  fore  part  of  the  alimen- 
tary tube,  which  passes  between  the  heemal  portions  of  the  two  sphenoid 
vertebrje,  to  the  oral  orifice. 

iEtiimoid  '^^®  median  plate  of  the  Ethmoid  bone,   which  is  in 

vertebra.  g^  \\\\Q,  with  the  median  plates  of  the  two  preceding  centra, 

may  be  regarded  as  the  centrum  of  the  Ethmoid  Vertebra  (figs.  9  and 
1 3).  It  is  prolonged,  superiorly,  into  the  Crista  Galli,  which  is  supra- 
central.  The  Cribriform  Plates  are  indicated  to  be  the  neural  aloe  by 
their  perforation  for  the  transmission  of  nerves  and  by  their  position ;  and 
the  Nasal  bones  are  the  neural  spines.  The  Lateral  masses  of  the  seth- 
moid  are  the  united  transverse  and  p)l^ural  elements.  The  Vomer,  which 
is  in  a  line  with,  and  forms  a  continuation  of,  the  rostrum  of  the  sphe- 
noid, I  regard  to  be  the  inferior,  or  suhcentral  part  of  the  sethmoid 
centrum.  It  carries,  at  its  extremity,  the  Intermaxillary  bones,  which 
represent  the  hoimal  elements.  In  this  vertebra,  therefore,  a  complete 
neural  arch  exists  only  at  the  fore  part,  where  the  neural  alte  just  come 
into  contact  with  the  neural  spines ;  it  is  very  small,  and  transmits  the 


^  The  Lachrymal  is  regarded  by  Owen  as  a  Muco-dermal  bone;  but  its  size  and 
connections  in  lower  animals  lead  me  to  think  that  it  is  a  member  of  the  verte- 
brate skeleton.  Perhaps  it  may  be  regarded  as  a  second  appendage  to  the  superior 
maxilla. 
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nasal  brancli  of  tlie  fifth  pair  of  nerves.  The  visceral  arch  is  still  more 
incomplete,  the  transverse  elements  being  coniaected  with  the  haemal 
elements  of  the  anterior  sphenoid  vertebra,  which  run  on,  beneath 
them,  to  join  the  vomer  and  the  intermaxillaries. 

Sense-  and  There  are  some  other  cartilages  and  bones  in  the  skeleton, 

cartilages  and  which  have  not  been  included  in  the  above  summary,  and 
bones.  which  do  not  belong,  dii-ectly,  to  the  vertebral  system,  but 

are  developed  in  connection  with  the  organs  of  sense  or  with  the  viscera, 
and  the  office  of  which  is  to  minister,  especially,  to  those  organs  and 
viscera.  Such  as  are  related  to  the  organs  of  special  sense  are  com- 
monly called  '^  Sense  Gapsides'"  or  '^  Sense  Bones."  They  lie  in  the 
head  ;  and  some  of  them  are  closely  tmited  with  the  other  cranial  bones. 
In  connection  with  the  Ear  are  the  Petrous  and  Tympanic  portions  of 
the  temporal  bone,  the  Ossicles  and  the  external  Cartilages.  In  con- 
nection with  the  Eye  are  the  Tarsal  Cartilages;  and  in  connection 
with  the  Nose  ai-e  the  Turbinate  bones,  and  the  Cartilages  of  the 
nasal  orifice.  The  cartilages  and  bones  which  are  developed  in  connec- 
tion with  the  viscera  are  called  "  Splanchnicy  They  are  the  Teeth 
(unless  these  be  regarded  as  parts  of  the  dermal  skeleton),  and  the  Car- 
tilages of  the  Larynx,  Trachea  and  Bronchi. 

Homology  of  ^he  key  to  the  exact  homology  of  the  upper  and  lower 

the  limbs.  LiMBS  (figs.  7  and  8),  I  apprehend,  is  furnished  by  the  fact  that 

they  are  placed  at  opposite  ends  of  the  trunk,  and  that  the  apposed  svirfaces 
of  their  upper  segments  have,  consequently,  been  made  to  correspond  with 
one  another.  The  haemal  constituents  of  the  visceral  arches  upon  which 
they  rest  are  modified  accordingly.  Thus  the  scapula  is  inclined  back- 
wards and  the  ilium  forwards;  the  hinder  edge  of  the  scapula  corre- 
sponds %vith  the  anterior  edge  of  the  ilium;  and  the  rough  projection 
near  the  glenoid  cavity,  for  the  attachment  of  the  long  portion  of  the 
triceps — the  extensor  of  the  fore-arm — corresponds  with  the  anterior  in- 
ferior spine  of  the  ilium,  which  gives  attachment  to  the  rectus  femoris — 
the  long  portion  of  the  extensor  of  the  leg;  the  coracoid  process  is 
homologous  with  the  pubes,  and  the  clavicle  with  the  ischium.  The 
posterior  surface  of  the  femur  corresponds  with  the  anterior  surface  of 
the  humerus.  The  upper  flexure  in  the  former  bone  is  backwards;  the 
lower  flexure  is  forwards;  whereas  in  the  humerus  it  is  just  the  reverse. 
The  lesser  trochanter  of  the  femur,  which  receives  the  iliacus  muscle 
coming  from  the  inner  siuiace  of  the  ilium,  looks  backwards;  and  the 
lesser  tubercle  of  the  humerus,  which  receives  the  suhscapularis  muscle 
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coming  from,  tlie  inner  surface  of  the  scapula,  looks  forwards.  The 
outer  and  inner  surfaces  of  the  two  bones  respectively  correspond  with 
each  other :  thus,  the  great  trochanter  of  the  femnr  and  the  great 
tubercle  of  the  humerus  are,  both,  directed  outwards ;  the  rough  space  for 
the  great  glutceus,  which  comes  from  the  tuber  ischii  and  the  sacro- 
ischiatic  ligament,  is  upon  the  outer  side  of  the  shaft  of  the  femur ;  and 
the  rough  space  on  the  humerus  for  the  deltoid,  which  comes  from  the 
clavicle  and  the  acromion,  is  upon  the  outer  side  of  the  shaft  of  the 
humerus;  the  rough  space  for  the  long  adductor  muscle,  which  comes 
from  the  spine  of  the  pubes,  is  on  the  inner  side  of  the  shaft  of  the 
femur;  and  the  rough  space  for  the  coracobrachialis,  which  comes  from 
the  tip  of  the  coracoid  process,  is  on  the  inner  side  of  the  shaft  of  the 
humerus;  the  outer  condyle  of  the  femur  corresponds  with  the  capitu- 
lum  of  the  humerus;  and  the  inner  condyle  of  the  femur  corresponds 
with  the  trochlea  of  the  humerus. 

The  knee  bends  backwards,  and  the  elbow  bends  forwards;  the 
flexure  in  each  case  bringing  the  limb  more  under  the  middle  of  the 
trunk.  The  patella,  which  receives,  or  is  developed  in,  the  extensor 
of  the  leg,  is  on  the  anterior  surface  of  the  knee;  and  the  olecranon, 
which  receives  the  extensor  of  the  arm,  is  on  the  posterior  surface  of  the 
elbow. 

Thus  far  the  homology  of  the  two  limbs  is  easily  made  out  by  the 
application  of  the  principle  I  have  mentioned ;  but  in  the  distal  segments 
a  difficulty  arises  from  the  fact  that  the  corresponding  surfaces  of  the 
two  limbs  are,  under  ordinary  circumstances,  directed  the  sariie  way; 
the  palmar  and  plantar  aspects  being  both  directed  backwards.  And, 
further,  the  fibula  lies  upon  the  outer  side  of  the  leg,  and  is  not  articu- 
lated with  the  femur;  whereas  the  ulna,  which  so  many  circumstances 
indicate  to  be  the  homologue  of  the  fibula,  lies  on  the  inner  side  of  the 
fore-arm,  and  is  articulated  with  the  trochlea  of  the  humerus. 

These  three  points  admit,  I  tliink,  of  explanation  from  the  manner 
in  which  the  parts  are  developed.  The  distal  segments  of  the  limbs — 
the  hands  and  feet— first  bud  out  from  the  sides  of  the  trunk;  and 
the  palm  and  sole  are  both  directed  c/o^anwards  (towards  the  centre  of 
the  embryo).  The  pollex  in  each  looks  forwards — towards  the  head — 
the  fibula  and  ulna  look  backwards,  and  the  knee  and  elbow  would  bend 
upwards.  Subsequently,  as  the  proximal  segments  are  formed,  the 
limbs  undergo  a  quarter  turn,  but  in  opposite  directions.  The  hinder 
limb  is  rotated  on  its  long  axisyb?*wards;  the  result  of  which  is  that  the 
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sole  becomes  turned  backwards,  and  tlie  fibula  outwards,  and  the  bend 
of  tlie  knee  is  forwards.  In  the  anterior  limb  the  rotation  is  Sac^wards. 
Consequently,  the  bend  of  the  elbow  is  backwards,  and  the  ulna  is 
turned  inwards.  When  the  rotation  affects  the  entire  limb  in  the 
same  direction, — that  is,  when  the  fore-arm  and  hand  are  supine, — 
the  whole  of  the  radius  is  on  the  outer  side,  the  thiimb  is  also  on 
the  outer  side,  the  palm  is  turned  forwards,  and  the  antagonism  be- 
tween the  anterior  and  posterior  surfaces  of  the  two  Imibs  is  complete. 
But  in  this  limb  the  distal  segments  are  made  to  undergo  a  slight 
rotation  ybrwards,  or  in  an  opposite  direction  to  that  of  the  proximal 
segments,  for  the  purpose  of  bringing  the  hand  into  the  prone  position, 
and  of  turning  the  palm  towards  the  ground.  This  is  attended  with 
a  twist  in  the  fore-arm.  The  radius  retains  its  connection  with  the 
outer  condyle  of  the  humerus,  but  crosses  over  the  ulna  so  as  to  reach 
the  inner  side ;  and,  together  with  the  hand,  which  is  carried  with  it, 
undergoes  a  rotation  on  its  axis,  so  as  to  give  the  requisite  direction  to 
the  palm.  Pronation  should  be  regarded  as  the  ordinary  or  natural 
position,  because  it  is  the  most  easy,  and  the  one  which  we  assume 
when  placed,  upon  all  fours,  on  the  ground;  and  we  have  found  it  to 
be  the  one  which  is  permanent  in  most  of  the  lower  animals  (p.  379). 

To  permit  pronation  and  supination  of  the  fore-arm  and  hand  the 
radius  is  confined  to  the  capitulum  of  the  humeriis;  and,  to  maintain 
the  strength  of  the  part,  the  upper  end  of  the  ulna  is  large,  and, 
extending  beyond  the  limits  assigned  to  its  homologue,  the  fibula,  plays 
upon  the  trochlea  of  the  humerus,  and  sends  up  a  process — the  olecranon 
— to  receive  the  extensor  of  the  fore-arm. 

With  regard  to  the  remaining  constituents  of  the  limbs — The  Sca- 
phoid bone  of  the  carpus  is  homologous  with  the  Scaphoid  of  the 
tarsus,  although  the  position  is  different  in  the  two  cases,  the  scaphoid 
being  j^laced,  in  the  foot,  between  the  two  rows  of  tarsal  bones :  the 
SEiriLL'XAR  bone  of  the  carpus  is  liomologous  with  the  Astragalus;  the 
CuxEiFORii  and  Pisiform,  "with  the  Os  Calcis  and  its  Epijjhysis;  the 
Trapezium  with  the  Internal  Cuneiform;  the  Trapezoides  with  the 
]\IiDDLE  Cuneiform  ;  the  Os  Magnum  with  the  External  Cuneiform  ; 
and  the  Unciform  bone  with  the  Cuboid.  The  Metacarpal  and 
Metatarsal  bones,  and  the  Phalanges  of  the  two  limbs,  correspond 
with  one  another  almost  exactly. 
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DESCRIPTION  OF  PLATE  LX. 

Eig.  I.  Diagram  of  an  ideal  vertebra.  C,  centrum.  NP,  neural  process. 
NA,  neural  ala.  NS,  neural  spine.  TP^,  superior  transverse  process.  TP^,  infe- 
rior transverse  process.  TA^,  superior  transverse  ala.  TA^,  inferior  transverse  ala. 
IIP,  haemal  process.     HA,  haemal  ala.     HS,  haemal  spine. 

Fig.  2.  Diagram  of  a  human  dorsal  vertebra,  shewing  the  transverse  ala  directed 
downwards  and  contributing  to  the  formation  of  the  visceral  arch  (as  in  fig.  5).  AP, 
articulating  process.  The  other  letters  in  this  and  the  following  figures  indicate  the 
same  as  in  preceding. 

Fig.  3.  Diagram  of  a  cranial  vertebra  (post-sphenoidal,  see  fig.  11),  shewing  the 
transverse  ala  directed  upwards  and  contributing  to  the  formation  of  the  neural  arch. 

Fig.  4.     Lumbar  vertebra. 

Fig.  5.     Dorsal  vei-tebra.     TA,  rib.     IIA,  costal  cartilage.     ES,  sternum. 

Fig.  6.     Cervical  vertebra. 

Fig.  7.  Pelvic  vertebra,  with  left  lower  extremity.  C,  body  of  sacrum.  TA,  ala 
of  ditto.  TP,  part  connecting  ala  with  body  of  ditto.  HA,  ilium.  IIS^,  pubes. 
HS"^,  ischium,  i,  anterior  inferior  spine  of  ilium.  1,  great  trochanter.  3,  rough 
surface  for  attachment  of  gluteus.     4,  point  of  attachment  of  adductor  longus. 

Fig.  8.  Left  scapula  and  clavicle,  with  upper  extremity.  The  fore-arm  and  hand 
are  semi-prone.  HA,  blade  of  scapula.  HS^,  coracoid.  HS^,  clavicle,  r,  rough  sur- 
face for  attachment  of  long  head  of  triceps.  iy  great  tubercle  of  humerus.  3,  rough 
surface  for  attachment  of  deltoid.     4,  point  of  attachment  of  coraco-brachialis. 

Fig.  9.  Cranial  bones,  at  birth,  separated.  The  dotted  lines  from  0,  PS,  AS,  and 
^,  traverse,  respectively,  the  components  of  the  occipital,  the  posterior  and  anterior 
sphenoid,  and  the  aethmoid  vertebrae.  The  several  parts  are  indicated  by  the  same 
letters  as  in  the  following  figures. 

Fig.  10.  Occipital  vertebra.  C,  basilar  part.  NA,  side  of  foramen  magnum. 
NS,  expanded  part.  TA,  mastoid  part  of  temporal  bone.  HA,  lesser  cornu  of  hyoid 
bone.     HS,  body  of  ditto.     DA,  great  cornu  of  ditto. 

Fig.  II.  Post-sphenoid  vertebra.  C,  hinder  part  of  body  of  sphenoid.  NA, 
great  ala.  TP,  pterygoid  process.  NS,  parietal  bone.  TA,  squamous  part  of  tem- 
poral bone.  HA,  condyloid  part  of  lower  jaw.  HS,  ramus  of  ditto.  DA,  angle  of 
ditto. 

Fig.  12.  Pre-sphenoid  vertebra.  C,  fore  part  of  body  of  sphenoid.  NA,  lesser 
ala.  NS,  frontal  bone.  TA,  palate-bone.  HA,  and  S,  upper  jaw.  DA,  malar 
bone. 

Fig.  13.  Ethmoid  vertebra.  C,  median  plate  of  aethmoid.  NA,  cribriform 
plate  of  ditto.  NS,  nasal  bone.  TP,  and  A,  os  planum  and  lateral  parts  of  aethmoid. 
SC,  vomer.     IIA,  and  S,  intermaxillary  bone. 
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Acephalous  skull,  51,  251,  277. 
Acetabulum,  509. 

notch,  519. 
Acromion,  SGi. 

relation  to  inferior  angle  of  sca- 
pula, 365. 
articular  surface,  404. 
Acromio-clavicular  joint,  402. 

uses,  403. 
dislocation,  492. 
Ethmoid  Bone,  274. 

development,  278. 
homology,  698. 
presence  in  orbit,  275. 
Alveolar  processes  of  upper  jaw,  280. 

relation   to  size 

of  mouth,  284. 

changes    in   old 

age,  285. 
deficiency,  286. 
in  Negro,  281. 
of  lower  jaw,  288. 
Ankle-joint,  554. 

dislocation,  557,  558. 
Ankylosis  of  joints  between  head  and  spine, 
319. 

congenital,  of  joints,  81. 
Antrum  maxillare,  279. 

formation,  280. 
glands  in  interior,  279. 
diseases,  280. 
Apophyses,  40. 

use  ofj  43. 
Arachnoid  cavity  opened  in  fracture  at  base, 
260. 


Arches  of  vertebras,  143. 

development,  117, 119. 
malformations,  51,  143. 
neural,  591. 
visceral,  591. 
Arrested  development,  100. 
Arthrodial  joints,  81. 

Arthritis  chronic  rheumatic  of  temporo-max- 
illary  joint,  306. 

hip-joint,  523. 
Articular  bone,  3,  76. 

cartilage,  41,  76. 
Articulation :  see  Joint. 
Artificial  respiration,  350. 
Astragalus,  498,  505. 

neck  of,  in  foetus,  499. 

in  monkey,  499. 
dislocation,  499,  563. 
upper  articular  surface,  555,  557. 
lateral  do.,  555. 
reason  of  difference  between  the 

two  latter,  556. 
articular  surfaces  for  os  calcis,  564 
for  scaphoid,  565. 
Atlas,  131. 

development  of,  132. 
arch  of,  143. 
articular  facets,  309. 
peculiarities,  176. 
homology,  595. 
Atmospheric  pressure,  influence   on  joints, 

73. 
Atrophy  of  bones,  56,  57,  70,  471. 
Auditory  labyrinth,  259. 

passage  external,  at  birth,  205. 
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Axis  of  skeleton,  591. 
■Axis  (vertebra),  129. 

development,  129. 

neural  pedicles,  139. 

arch,  143. 

spinous  process,  143. 

peculiarities,  176. 

articular  facets,  309. 

homology,  595. 
Aztecs,  287. 

Back,  ability  of  man  to  lie  upon,  330,  352. 
weak  part  of,  170. 
curvatures,  170, 172. 
Balancing,  of  Head  upon  occipital  condyles, 
234,  316. 

of  Spine,  148,  514. 
of  Pelvis  and  trunk  upon  thighs, 
514. 
Ball-and-socket  joints,  81. 
Bandy-leg,  476,  533. 
Baur,  on  ossification,  36. 
Bibra  Von,  analyses  of  bone,  1,  4,  5,  7. 
Biceps  brachii  muscle,  attachment  to  Radius, 
383. 

tendon  in  shoulder-joint,  413. 
injuries,  415. 
worn  through,  ib. 
homologous  with  rectus  femoris,  599 
Bicipital  groove  in  humerus,  414. 
Blastema,  ossification  in,  34. 
Bodies  of  Vertebra?,  137. 

development,  116,  123. 
malformations,  123, 138. 
Bone,  composition  of,  1. 
strength,  7. 
laminffi,  9. 
vessels,  23. 
nerves,  28, 
marrow,  30. 
formation,  33. 
growth  in  length,  43. 

in  thickness,  45. 
influenced  by  pressure,  48. 
deficient,  49,  51,  53,  63. 
excessive,  54. 
absorption,  46,  373,  471. 

influenced  by  pressure,  50. 
relation  to  soft  parts,  51. 


atrophy,  56,  57,  70,  471. 
softening,  68. 
sclerosis,  60. 
ulceration,  ib. 
reparation,  61. 

morbid  conditions,  6,  59,  62,  69. 
spontaneous  fracture,  8,  372. 
Bones,  shape  of,  10. 

curves,  12. 

processes,  13. 
Brachial  artery,  high  division  of,  373. 
Brain,  great  size  of,  88. 

disproportionate  size  in  infancy,  94. 

growth  in  youth,  194. 

relation  to  skull,  207. 

wasting,  187,  210. 

protected  by  skull,  200. 

large  in  rickets,  187. 

weight,  194. 

in  female,  103. 

Caesarian  operation,  69. 
Calcareous  degeneration  of  bone,  57. 
Callus,  21. 

Calvarium,  development  of,  182. 
fissures,  185. 
vacancies,  185. 
liability  to  disease,  197. 
Camper,  on  the  proportions  of  the  figure, 
86. 

facial  angle,  225. 
Canal,  medullary :  see  Medullary  Canal. 
carotid,  260,  268. 
meningeal,  240. 

external  auditory,  at  birth,  265. 
semicircular,  superior,  259. 
inferior,  260. 
Cancelli,  11. 

arrangement  of  in  Humerus,  376. 
Femur,  475. 
Patella,  482, 484. 
Tibia,  484. 
Fibula,  ib. 
Astragalus,  498. 
Capitulum  of  Humerus,  418 
Carpus,  378. 

development,  396. 
homology,  601. 
additional  bones,  397. 


INDEX. 


607 


Carpal,  joints,  429. 
Carnivora,  glenoid  cavity  in,  255. 
Ethmoid,  275. 
Malar  bone,  298. 
number  of  digits,  497. 
Cartilage  in  bone,  2. 

changed  in  ossification,  ib. 
ossification,  34,  35. 
articular  not  ossified,  41. 
interarticular,  82. 
Cartilages  loose  in  elbow,  424. 
Cams,  C.  G.,  module  proposed  by,  87. 
Centrum  of  Yertebra,  113. 
Cerebral  eminences  in  skull,  209,  260. 
Cervical  ribs,  127,  358. 
Chemical  composition  of  bone,  1. 

diseased  bones,  6. 
Chest :  see  Thorax. 
Chimpanzee,  Skull  of,  224. 

Temporal  bone,  254. 
Chin,  245,  287. 

of  idiot,  233. 
Chorda  dorsalis,  114,  177,  182, 
Clavicle,  359. 

in  what  animals  present,  359. 

development,  361. 

fractures,  362. 

articular  surface  for  Sternum,  399. 

Acromion,  404. 
homology,  599. 
Clinoid  processes  of  Sphenoid,  270. 
Coccyx,  449,  456. 
Cochlea,  260. 
Condensation  of  bone,  57. 
Condyles  of  Jaw,  287. 

Femur,  481,  529. 
Occipital  bone,  30G. 
Constituents  of  bone,  variations  in  different 
parts   of  skeleton,   and    in   different   ani- 
mals, 4. 
Constituents  of  bone,  variations  at  different 

ages,  5. 
Coracoid  bone,  360,  366. 

process,  366. 
fracture,  369. 
homology,  599. 
Coronoid  process  of  Ulna,  381,  487. 

Jaw,  288. 
Cortesii  ossiculum  sesamoid  :,  263. 


Costal  cartilages,  335. 

ossification,  58,  336. 
junction  with  Ribs,  335. 

Sternum,  837. 
movements  upon  Sternum, 

338. 
homology,  595. 
Cranium :  see  Skull, 
Crista  galli,  271. 

homology  of,  598. 
Cruikshank,  on  lymphatics  of  bone,  29. 
Cuboid  bone,  502,  505. 

homology  of,  601. 
Cuneiform  bones  of  foot,  502,  506. 

inner,  prolongation  of,  503. 
Curling,  Mr,  observation  on  effects  of  me- 
dullary artery  in  fracture,  27. 

on  excessive  growth  of  fingers, 
54. 
Curvature  angular  of  Spine,  170. 
lateral,  171. 
senile,  172. 
infantile,  ib. 
Curves  of  bones,  12,  100. 
spine,  134,  146. 
in  rickets,  65. 
Cyclopian  monstrosity,  181. 
Cysts  sebaceous  in  Frontal  bone,  252. 

Deafness  caused  by  blow  on  head,  259. 
Deltoid  muscle,  action  of,  365. 

point  of  attachment  to  Hu- 
merus, 371,  600. 
Depressions  in  Parietal  bones,  242. 
Dental  canal,  inferior,  289,  291. 

superior,  280,  285,  PI.  xv.  fig. 
3  a. 
foramen,  291. 
groove,  inferior,  291. 
superior,  285. 
Development  arrested,  100. 
Diaphragm,  effect  in  respiration,  345. 
marginal  attachment,  354, 
Diaphyses,  40. 

Digital  depressions  in  skull,  209. 
Digits,  number  of  in  fore  limb,  379,  396. 

hinder  limb,  497. 
Diploe,  formation  of,  187. 

veins  of,  196,  249,  259. 
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Dislocation  of  Vertebrso,  168. 

Temporo-maxillavy  joint,  304. 
joints  between  Head  and  Spine, 

318. 
Costo-sternal  joints,  342. 

Vertebral  joints,  342. 
Wrist,  385,  42G. 
Sterno-clavicular  joint,  401. 
Acromioclavicular  joint,  402, 
Shoulder,  412,  415. 
Elbow,  419,  423. 
Carpal  joints,  430. 
Thumb,  395. 

Carpometacarpal  joint, 

433. 
Metacarpo  -  phalangeal 
joint,  434. 

Phalangeal  joint,  436. 
Sacro-iliac  joint,  460. 
Patella,  481. 
Astragalus,  499. 
Hip,  520,  521. 
Knee,  550. 

semilunar  cartilages,  547. 
Fibula,  553. 
Ankle,  657,  558. 
Congenital, 
of  Temporo-maxillary  joint,  305, 
Elbow,  49,  424. 
Hip,  523. 
Wrist,  397. 
Diverging   appendages   of    pelvic   vertebras, 
594. 

Cervical,  596. 
Occipital,  597. 
Post-sphenoid,  597. 
Pre  -  sphenoid,  598. 
Duality  of  Skeleton,  16. 
Du  Hamel,  on  periosteum,  23. 
Dura  mater,  177,  182, 198. 

connections  with  skull,  199. 
sinuses,  ib. 
Dwarfs,  proportions  of,  100,  108. 


Ear,  external  formation  of,  179. 
Ectopia  cordis,  51,  328. 

vesicse,  51. 
Elasticity  of  bone,  7. 


Elbow-joint,  416. 

dislocation,  423. 
loose  cartilages,  424. 
Elliptical  skull,  228. 
Elsaesser,  Dr,  on  soft  occiput,  239. 
Emphysema,  from  fracture  into  mastoid  cells, 
258. 

of  lungs,  condition  of  chest  in, 
353. 
Enlargement  of  ends  of  bones,  68. 
Ensiform  cartilage,  324. 
Epiphyses,  40. 

relation  of  order  of  union  to  shaft 
with  direction  of  medullary  ar- 
tery, 24. 
union  with  shaft,  42. 
liability  to  ulceration  at  junction 

with  shaft,  42,  477. 
slight  growth  of,  44,  488. 
Episternal  bones,  327,  359. 
Epulis,  281. 

Erect  posture;  line  of  gravity  falling  through 
spine,  148. 

hip-joint,  514. 
European,  proportions  of  figure,  87. 
Eustachian  tube,  formation  of,  179. 
Excision  of  knee,  growth  of  bones  after,  44, 

488. 
Exostoses  on  Frontal  bone,  252. 
Occipital  bone,  239. 
Kibs,  358. 
Femur,  477. 
Great  toe,  505. 
Expiration,  349. 
Extremities  of  bones,  11. 

unequal  growth,  54. 
proportions,  89. 

during  develop- 
ment, 97,  110. 
Extremity,  lower,  465. 

weak  point,  485. 
compared  with  upper,  599. 

Face,  proportionate  size  of,  88,  96. 

development,  177. 

relative  growth,  96. 
Facial  sinuses,  220. 

angle,  225,  245,  246. 

line,  225. 
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Fat  in  bone,  2,  6. 

Female  skeleton,  103,  444,  4G9,  475. 
Skull,  103. 
Pelvis,  444. 
Brain,  103. 
Femoral  artery,  injury  in  fracture  of  thigh- 
bone, 497 
Femur,  465. 

great  proportionate  size  of,  89,  4G6, 

477,  581. 
fracture,  467,  468. 

spontaneous,  8. 
neck  of,  468. 

changes  in  old  age,  470,  471, 

474. 
liability  to  fracture,  471. 
development,  476. 
at  birth,  477. 
differences  between  outer  and  inner 

condyles,  481,  529. 
inclined  ontvvards  in  other  mammals, 

482. 
head  of,  508. 

comparison  with  humerus,  464,  599. 
articular  surface,  upper,  508. 
lower,  508. 
Fibro- cartilage,  72. 

of  temporo-maxillary  joint, 

303. 
of  knee,  544. 

sesamoideal  of  fingers,  437. 
Fibula,  489. 

uses  of,  480. 
in  animals,  490. 

relation  to  number  of  digits,  491. 
development,  491. 
homologous  with  ulna,  600. 
fracture,  490,  491,  553,  558. 
why  separate  from  tibia,  557. 
articular  surface  upper,  552. 
lower,  .553. 
Figure,  proportions  of,  85. 

middle  point  of,  89,  99. 
Fingers,  expansion  of  ends,  395. 

proportions,  90,  96,  386;  397. 
joints,  436. 
Fishes,  pituitary  and  pineal  glands  in,  271. 
Fissura  Glaseri,  179,  254, 261,  266. 
Fissures  in  cranial  bones,  185. 


Flat-foot,  494,  564,  570, 
Flattening  of  bones  in  rickets,  66. 
Flourens,  on  growth  of  bones,  44. 
Foot,  492. 

peculiarities  of  human,  496. 
in  negro,  495. 
monkey,  495. 
other  animals,  497. 
oblique  direction  of,  554. 
flat,  494,  564,  570. 
joints,  561. 
Fontanelles,  formation  of,  188,  243. 

use  of,  189. 
Foramen  caecum,  249,  259. 

intervertebral,  157. 
orbital,  int.,  249. 
condyloid  ant.,  258. 

post.,  197,  258. 
mastoid,  258. 
magnum,  236. 
parietale,  197,  259. 
supra-orbitale,  197. 
medullare,  24. 
infra-orbitale,  283. 
lacerum  posterius,  262. 
medium,  263. 
anticum,  269. 
ovale  of  sphenoid,  2G9. 
rotundum  of  do.,  269. 
optic,  272. 
supra- condyloid,  373. 
supra- trochleare,  374. 
obturator,  440,  459. 
sacro-sciatic,  448,  462. 
intervertebrale,  157. 
mentale,  290. 

at  birth,  29. 
in  Negro,  290. 
Fore-arm,  bones  of,  377. 

relation  to  number  of  di- 
gits, 379. 
pronation  and  supination,  377. 
position  of  ease  and  strength,  378 
comparison  with  leg-bones,  601. 
Forehead,  prominence,  245. 

relation  to  prominence 
of  chin,  287. 
Formation  of  bones,  33. 
Fossai  of  skull,  208. 

89 
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Fracture  of  Spine,  1C8, 

Skull,  201,  204,  241. 
traversing  carotid  canal,  2Gl. 

do,        meningeal  canal,  240. 
glenoid  cavity  of  temporal  bone, 

256. 
Sternum,  321. 
Clavicle,  362. 
Scapula,  369. 

neck  of,  370. 
Acromion,  369. 
Coracoid,  369. 
Humerus,  372. 

condyles,  374. 
anatomical  neck,  375. 
surgical  neck,  372. 
Olecranon,  381. 
Radius,  385. 
Acetabulum,  508,  509. 
Femur,  467. 

neck  of,  471. 
Tibia,  484. 

Fibula,  490,  491,  553,  558. 
neck  of  Astragalus,  499. 
Fracture,  spontaneous,  8,  372. 
in  old  persons,  8,  56. 
in  rickets,  66. 

injury  to  medullary  artery,  27. 
ununited,  22. 
Fracture  ununited  in  Humerus,  372,  374, 
Clavicle,  363. 
Olecranon,  381. 
Frog,  absence  of  patella  in,  481. 
lig.  teres  in  shoulder,  412. 
Frontal  process,  177. 

angle,  245,  246, 
bone,  244. 

development,  250. 
homology,  598. 
diseases,  251. 
sinuses,  246. 

diseases,  247. 
suture,  249,  250. 

early  obliterated,  244. 
persistence  of,  251. 
eminences,  249, 
Furculum,  369. 

Giant,  proportions  of,  97,  102,  108. 


Glenoid  cavity  of  temporal  bone,  254. 

at    birth,  264, 
changes    after 

birth,  268. 
fracture,  256. 
in  animals,  255. 
of  scapula,  408. 
ligament,  409. 
Graminivora,  glenoid  cavity  of  temporal  bone, 
525. 

lacrymal  bone,  282,  297. 
Grooves  in  bones,  15. 
Growth  of  bones  in  length,  43. 

in  thickness,  45. 
interstitial,  47. 
after  excision  of  knee,  44. 
excessive  in  some  parts,  54. 
in  rickets,  63. 


Hare-lip,  180. 
Haemal  alse,  593. 

spines,  593. 

diverging  appendages,  593. 
Hand,  385. 

in  quadrumana,  386,  397. 
three  divisions  of,  389. 
proportions  of,  90,  97,  336,  397. 
joints,  429. 
Havers  on  periosteum,  23, 
Head,  foetal,  passage  through  pelvis,  443. 

presentations,  cause  of  frequency,  95. 
balanced  upon  spine,  234,  316,  579. 
Hernia  cerebri,  236. 
Hinge-joints,  81. 
Hip-joint,  507. 

injuries  in  children,  469. 
position  in  inflammation,  513. 
diseases,  622. 
position    with   regard   to  line   of 

gravitj',  578. 
dislocation,  520,  521. 
Hoppe,  on  lining  of  bone-cells,  1, 
Humerus,  371. 

development,  376. 

failure,  377. 
fracture,  372. 

of  anatomical  neck,  375. 
spontaneous,  372. 
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supra- condyloid  process,  373. 
peculiarities  in  animals,  374,  377. 
proportionate  length,  89,  98,  377. 
tubercles,  374,  414. 
bicipital  groove,  414. 
articular  surface  at  shoulder,  407. 

elbow,  417. 
homology,  599. 
Humpback,  170. 

Hunter,  John,  on  growth  of  bones,  44. 
Hydrocephalic  crania,  193,  244,  248,  250. 
vacancies  in,  186. 
M^ormian  bones  in,  192. 
Hyoid  processes,  179. 
homology,  597. 

Idiot,  proportions,  106,  108. 

skull,  187,  232. 
Ilium,  457. 

development,  458. 
homology,  594,  599. 
Innominatum  os,  457. 

development,  459. 
joint  with  sacrum,  460, 

with  pubes,  462. 
acetabulum,  509. 
Interartieular  cartilage  :  see  Fibro-cartilage. 
Intercostal  spaces,  342. 

muscles,  action  upon  ribs,  346. 
Intermaxillary  bones,  233. 

development,  178,  182. 
homology,  598. 
Interosseous  space  in  fore-arm,  383. 
membrane  of  leg,  552. 
Interparietal  bone,  238,  242. 
Intervertebral   substances,    formation,    115, 
117, 119, 159. 

structure,  159. 
relation  to  spinal 

curves,  149. 
varying  thickness, 

161. 
limit    the    move- 
ments of  spine, 
164. 
foramina,  157. 
Ischium,  459. 

development,  459. 
homology,  594,  599. 


Joints,  71. 

obliquity    of    movements    and    liga- 
ments, 311. 
congenital  ankylosis  of,  81. 
Arthrodial,  81. 
Hinge,  81,  531. 
Ball-and-socket,  81. 
Atlanto-axoidal,  309. 
Occipito-atlantal,  307. 
Temporo- maxillary,  82,  301. 
Costo-sternal,  337. 

vertebral,  339. 
Sterno-clavicular,  399. 
Acromio-clavicular,  402. 
Shoulder,  407. 
Elbow,  417. 
Kadio-ulnar,  superior,  419,  423. 

inferior,  425. 
Wrist,  426. 
Carpal,  429. 
Carpo-metacarpal,  432. 

of  thumb,  432. 
Metacarpo-phalangeal,  436. 

of  thumb,  433. 
phalangeal,  435. 

of  fingers,  436. 
Ankle,  554. 

between  Astragalus  and  Os  calcis,  561 

and  Scaphoid,  568 

between    Scaphoid    and    Cuneiform, 

572. 
Calcaneo-cuboid,  569. 
Hip,  507. 
Knee,  523. 

Metatarso-phalangeal,  574. 
of  Great  Toe,  576. 
Phalangeal,  576. 
Peroneo  tibial,  .552. 
Pubic,  462. 
Sacro- iliac,  460. 
Tarso-metatarsal,  573. 
Vertebral,  159. 
Jordan's  operation  for  ununited  fracture,  22. 
Jugular  facet,  262, 

process,  235,  262,  592. 
fossa,  261,  262. 

Knee-joint,  523. 

differs  from  a  hinge-joint,  524. 
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movements,  how  limited,  551. 
contraction,  537. 
dislocation,  550. 
excision,  44,  488. 
displacement  of  semilunar  carti- 
lages, 647. 
synovial  membrane,  548. 
ligaments,  549. 
liability  to  disease,  549. 
relation  to  line  of  gravity,  551. 
communication  with  superior  pe- 

roneo-tibial  joint,  652. 
in  Ornithorhynclius,  630. 
Knocli-knee,  476,  533. 

Kiilliker  on  attachment  of  tendons  to  bones, 
22. 


Lymphatics  in  bone,  29. 
Marrow- cells,  30. 
ossification,  37. 
rickets,  62. 
development  of  skull,  182. 
Labour,  cause  of  head-presentations,  25, 

passage  of  head,  443. 
Lachrymal  bone,  297. 

development,  178. 
presence  in  orbit,  213. 
homology,  598. 
canal,  281. 
Larrey  on  atrophy  of  bones  of  stump,  70. 
Laminaj  of  bone,  9. 
Lateral  depression  of  thorax,  354. 
Lehmann,  Chemical  Composition  of  Bones, 

2,6. 
Ligaments,  oblique  direction  of,  311. 
Ligament :  nuchas,  144,  316. 

subflava,  144,  163. 
ant.  vert.  162. 
post.  vert.  162. 
interspinosa,  164. 
Sacro- sciatic:  440. 
Teres,  mode  of  observing,  517. 
office  of,  516,  519. 
torn  in  dislocation,  531. 
occasionally       wanting, 

521. 
present  in  some  animals, 
521. 


representative  in  shoul- 
der, 412. 

rupture  of,  644. 
Cotyloid,  510. 
Crucial,  537. 
Limbs,  under  guidance  of  eye,  88. 

are  diverging  appendages,  593. 
homology  of,  599. 
Linea  aspera,  467. 
Loins,  a  weak  part,  169. 
Loose  cartilages,  78. 

in  Elbow,  424. 
Lymphatics  of  bone,  29. 

Maxilla  inferior,  286. 

angle,  293. 

development,  178,  290. 
at  birth,  232,  291. 
in  old  age,  293. 
in  Negro,  287. 
diseases,  295. 
homology,  597. 
Superior,  278. 

antrum,  279. 
in  Negro,  280. 
intermaxillary  part,  283. 
development,  178,  284. 
changes  in  age,  285. 
diseases,  286. 
homology,  698. 
Maxillary  processes,  formation  of,  178. 
Manubrium  sterni,  321. 
jMarrow,  its  composition,  uses,  &c.  30. 

in  animals,  32. 
Mastoid  portion  of  temporal  bone,  257. 

homology,  597. 
cells,  257. 

Emphysema  from  fracture  of,  258. 
foramen,  197,  268. 
Medullary  artery,  24. 

relation   to  ossification  of 

bone,  24. 
in  short  and  flat  bones,  24. 
torn  in  fracture,  27. 
why  so  large  in  tibia,  486. 
cavity,  formation  of,  46. 
Membrana  sacciformis,  425. 
Meningeal  arteries,  195. 

middle,  240. 
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Mental  foramen,  290,  291. 

in  Negro,  290. 
in  old   age,  289,  PI.   xvii, 
fig.  4  c. 
IMetacarpal  bones,  390. 

movement    upon    carpus, 

390. 
amputation  through,  892. 
development,  39G. 
joints  with  carpus,  432. 

phalanges,  436. 
Metatarsal  bones,  503. 

obliquity  of,  503. 
development,  506. 
articular  ends,  574. 
Modelling  process  in  bones,  47,  186,   368, 

369. 
Module  in  architectiu-e,  86. 

of  human  figure,  87. 
Malar  bone,  298. 

horizontal  division  of,  299. 
reaching  nearly  to  ear,  49,  305. 
in  animals,  299. 
homology,  598. 
Mollities,  composition  of  bones   in,  67,  68, 
448. 

of  pelvis,  68,  448. 
Mongolian  skull,  226. 
Mouth,  opening  of,  284. 
Mylodon,  proportions  of  femur  and  humerus, 
90. 

Nails,  connexion  with  phalanges  of  fingers, 
394. 

toes,  564. 
Nasal  process,  177. 
Bones,  297. 

development  of,  178. 
in  Negro,  298. 
in  animals,  298. 
homology,  598. 
ca-v-ities,  213. 
sinuses,  220. 
Negro,  alveolar  processes,  281. 
foot,  495. 
nasal  bones,  298. 
angle  of  lower  jaw,  293. 
mental  foramen,  290,  291. 
proportions  of  figure,  91. 


Skull,  226,  255. 

weight  of,  195. 
Occipital  bone,  237. 
Patella,  483. 
Thorax,  92. 
Pelvis,  92,  446. 
Zygomatic  arch,  257. 
Jaws,  227,  280,  287. 
Nose,  222. 
Frontal  bone,  246. 

sinuses,  246. 
Mastoid  processes,  258. 
Mouth,  284. 
Wisdom  tooth,  289. 
Nerves  of  bone,  28. 
Neural  arches,  alas,  spines,  591. 

pedicles,  139. 
Nose,  213. 

development  of,  178. 
Bridge  of,  221. 
at  birth,  222. 
respiratory  tract,  214. 
olfactory  tract,  218. 
vocal  tract,  220. 
Nostrils,  213. 

kept  moist,  215. 
openings  of,  220. 

at  birth,  230. 
Number  of  bones,  17. 
Nutritious  artery,  24. 

Obliquity  of  movements,  12,  75. 

ligaments,  311. 
Occipital  bone,  234. 

condyles,  306. 

malformation  of,  235. 

in  infants,  231. 

soft,  239. 

foramen  magnum,  236. 

in  Idiot,  233,  237. 

in  Negro,  237. 

in  animals,  237. 

development,  237. 

homology,  596. 

diseases,  239. 

connection  with  spine,  307. 
Occipito-atlantal  joints,  307. 

ankylosis,  319. 
dislocation,  318. 
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Oil  in  bones,  2, 6. 
Olecranon,  381,  417. 

homology,  483,  GOO. 
fracture,  381. 
Olfactory  tract  of  nostrils,  218. 

chamber  of  the  skull,  208,  278. 
Orbit,  210. 

at  birth,  232. 

contrasted  with  that  of  adult, 
231. 
varieties,  213. 
Ethmoid  in,  275. 
Palate-bone  in,  213. 
Os  triquetrum,  238,  242. 
planum  of  ethmoid,  275. 
calcis,  499,  505,  506. 

connexion  with  skin,  501. 
articular  surfaces  for  astragalus,564. 
cuboid,  569. 
Osseous  tumours  of  skull,  251. 
Ossification,  process  of,  33. 

in  cartilage,  2,  34,  35,  38. 
in  femur,  38. 
in  short  bones,  47. 
of  costal  cartilages,  58. 
Ossicula  auditus,  599. 
Osteomalacia:  see  Mollities. 
Osteophyte,  puerperal,  197. 
Oval  skull,  228. 

Paget,  Mr,  on  Myeloid  tumours,  30. 
Palate,  formation  of,  178. 
cleft,  180. 
bone,  295. 

presence  of  in  orbit,  213. 
homology,  698. 
Parietal  bones,  239. 

depressions  in,  242. 
development  of,  243. 
united  together,  244. 
fracture,  240. 
position  in  man  and  animals, 

241. 
varieties,  244. 
homology,  597. 
Pai'turition,  process  of,  95,  443. 

softening  of  pelvic  joints  in,  463. 
Patella,  478. 

in  different  positions  of  knee,  479. 


absent  in  some  animals,  481. 
dislocation  of,  481. 
peculiarities  of  human,  482. 
development,  483. 
homology,  483, 600. 
Pedicles  of  vertebral  arches,  139. 
Pelvic  joints,  460. 

softening  in  pregnancy,  463. 
Pelvis,  438. 

proportions  of,  92. 

balanced  upon  thighs,  514. 

deformed,  447. 

angle  of  inclination,  4-38. 

movement  upon  thighs,  439. 

axis  of,  442. 

diameters  of,  443. 

passage  of  foetal  head  through,  443. 

curve  of,  442,  444. 

difference  between  male  and  female, 

444. 
before  puberty,  445. 
in  Monkey,  445. 

Negro,  92,  446. 
equally  contracted,  447. 
in  rickets,  447. 
triradiate,  448. 
in  mollities,  448. 
oblique  ovata,  449. 
horizontal  obliquity  of,  449. 
Periosteum,  use  of,  17. 

in  young  bones,  19. 
connection  with  bones,  19. 
vessels  of,  21. 
in  nasal  cavities,  22. 
Peroneo -tibial  joints,  552. 

dislocation,  553. 
Petrous  portion  of  temporal  bene,  259. 

at  birth,  265. 
Phalanges  of  fingers,  393. 

connection    with   skin, 

S94. 
expansion  of  ends,  395. 
number  in  animals,  396, 

327. 
deficiency,  396. 
of  thumb,  395. 
development,  396. 
proportions,  90, 96, 386, 
397. 
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diseases,  394,  397. 
of  toes,  504. 

uses,  496. 
diseases,  505, 
development,  50G. 
proportions,  90,  96,  496. 
Phosphorus  and  Phosphates  in  bone,  3. 
Phrenology,  207. 
Pigeon-breast,  354. 
Pineal  gland,  271. 
Pisiform  bone,  3S8,  601. 
Pits  in  bones,  15. 
Pituitaryfossa,  209,  271. 
Pollex  manus  :  see  Thumb. 
pedis,  504. 

in  quadrumana,  497,  504. 

other  animals,  497. 
joints,  576. 
Post-glenoid  process,  254. 
Pregnancy,  softening  of  pelvic  joints  in,  463. 
Premaxillary  bones,  178,  182,  283 

homology,  598. 
Pressure,  influence  on  shape  of  bones,  48. 
growth  of  bones,  49. 
effect  of  removal,  50. 
promotes  absorption,  50. 
Primary  bones,  34. 
Pritchard  on  unity  of  type,  98. 

typical  forms  of  skull,  226. 
Processes  of  bones,  13. 
Prognathous  skull,  227. 
Promontory  of  sacrum,  454. 
Pronation  of  fore-arm,  .377. 
leg,  527. 

not  limited  by  ext.  lat.  lig. 

536. 
limited  by  ant.  crucial  lig. 

539,  551. 
movement     of     semilunar 
cartilages,  546. 
Proportions  of  human  figure,  85. 

in  European,  87. 
in  Isegro,  91. 
of  Quadrumana,  89. 
at  different  ages,  93. 
of  extremities,  89,  98. 
during  development,  89,  110. 
of  trunk,  92. 
of  skull,  88,  94,  96. 


of  face,  88,  m. 

of  foetus  approximate  to  those  of 

Negro  and  Quadrumana,  98. 
of  short  persons,  99, 100, 
of  tall  persons,  102. 
of  dwarfs,  100. 
of  giants,  102. 
of  female,  103. 
Pubes,  458. 

development,  459. 
homology,  594,  599. 
Pubic  symphysis,  462. 
Pyramidal  skull,  227. 

Quadrumana,  proportions  of,  89. 
Hand,  386,  397. 
Patella,  482,  483. 
Temporal  bone,  254. 
Skull,  224. 
Ethmoid,  275. 
Nasal  bone,  298. 
Malar  bone,  298.  ' 

Thorax,  92,320. 
Sternum,  327. 
Foot,  495,  497. 
Os  calcis,  499. 
Astragalus,  neck  of,  499. 
Scaphoid,  502. 
Radius,  383. 

Rachitis,  62. 

chem.  comp.  of  bones  in,  6,  7. 
proportions  of  parts  in,  96,  100. 
cranium  in,  187,  192. 
of  Thorax,  354,  355,  358. 
Humerus,  371,  377,  417. 
Fore-arm,  385. 
Pelvis,  447. 
Femur,  470,  477. 
Patella,  483. 
Tibia,  485,  486. 
Fibula,  491. 
Radius,  383. 

development,  385. 
constancy  in  animal  series,  390. 
movement,  .377. 
homology,  601. 

articular  surface  for  humerus,  419. 
ulna,  419,  425. 
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Rathke  on  development  of  face,  177. 

Rays  of  fishes,  395. 

Rees,  Dr  Owen,  on   Chemical  Composition 

of  bones,  4,  7. 
Reichert  on  development  of  face,  177. 
Relation  between  bones  and  muscles,  7,  52. 
vertebrae  and  cord,  134. 
development  of  bones  and 

soft  parts,  51. 
order  of  development  and 

liability  to  disease,  59. 
intellect  and  frame,  98. 
forehead  and  chin,  287. 
elasticity  of  lungs  and  size 
of  chest,  353. 
Reparation  of  bones,  21,  61. 

skull,  198. 
Replacement  of  cartilage  by  blastema  in  os- 
sification, 36. 
Resorption  of  osseous  tissue,  39,  56. 
Respiration,  movement  of  ribs  in,  343. 

abdominal  and  costal  type,  349. 
artificial,  350. 
Respiratory  tract  of  Nostrils,  214. 
Retzius,  classification  of  skulls,  228. 
Rheumatism,  effects  on  bones  and  joints,  76, 

78,  523. 
Ribs,  329. 

movements  upon  spine,  333,  344. 
development,  334. 
fractures,  335. 
connection  with  spine,  339. 

costal  cartilages,  335. 
effect  of  oblique  position  in  respiration, 

343. 
effect  of  differences  in  length  in  respi- 
ration, 348. 
disposition  with  reference  to  action  of 

intercostal  muscles,  346. 
union  of,  in  cui-vature  of  spine,  357. 
varieties  of  mmiber,  &c.  357. 
cervical,  127,  358. 
Exostoses,  358. 
homology,  594. 
Rodentia,  glenoid   cavity  of  temporal  bone, 
255. 
union  of  tibia  and  fibula,  491, 
Rokitanski  on  rickets,  64. 
Rotatio  spinae,  171. 


condition  of  thorax  in,  356. 
Roughnesses  of  bones,  13. 
Ruminants,  glenoid  cavity  of  temporal  bone, 
255. 

No,  of  digits,  379,  396,  497. 
Running,  588. 


Sacro-iliac  joint,  460. 

diseases,  463. 
Sacro-sciatic  ligaments,  462. 
Sacro-vertebral  angle,  147. 

in  female,  455. 
Sacrum,  440,  442,  449. 

difference  in  male  and  female,  444. 
number  of  component  bones  united 

to  ossa  innominata,  451. 
varieties,  452,  456. 
curve,  454. 
female,  455. 
development,  ib. 
fracture,  460. 
homology,  593. 
Sagittal  crest,  241. 

suture,  240. 

absence  of,  244. 
Scaphoid  bone  of  foot,  502,  506. 

articular  surfaces  for 

astragalus,  568. 
cuneiform,  573. 
hand,  388. 
Scapula,  363. 

development,  367. 
abnormal  conditions,  369. 
movements  upon  chest,  403. 
glenoid  cavity,  408. 
joint  with  clavicle,  402. 
homology,  596,  599. 
Sclerosis,  60. 
Seal,  ajthmoid  in,  276. 
Secondary  bones,  34. 
Semilunar  cartilages  of  knee,  544. 

uses,  546. 
displacement, 
547. 
Senile  skeleton,  46,  55. 
spine,  194. 
alveoli,  285,  293. 
lower  jaw,  289. 
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chest,  355. 
humerus,  372. 
femur,  470,  471,  474. 
Septum  nasi,  formation  of,  17S. 
Serous  apoplexy,  210. 
Sesamoid  bodies,  4S2,  483. 

in  wrist,  397. 

thumb,  434,  436. 
fingers,  437. 
bones  in  thumb,  436. 
fingers,  437. 
peroneus  longus,  501. 
Seventh   cervical  vertebra,   peculiarities   of, 

125, 126, 143,  592. 
Shafts  of  bones,  11. 

narrow  part  of,  12. 
Sharpey,  Dr,  on  ossified  true  cartilage,  2. 

ossification  in  cartilage,  38. 
Shaw,  Mr,  on  proportions  of  parts  in  rickets,  9. 
Shoulder -joint,  437. 

stiffness  of,  413. 
dislocation,  415. 

from  muscular  ac- 
tion, 414. 
Shin,  485. 

Sigmoid  cavities  of  ulna,  418. 
Sinuses,  frontal,  246. 

maxiUary,  279. 
sphenoid,  271. 
Eethmoid,  275. 
of  dura  mater,  199. 
Sitting,  442. 
Skull,  infantile,  225. 

distinctive  peculiarities,  223. 

of  female,  103, 
232. 
idiot,  232. 
varieties  of  man- 
kind, 226. 
chimpanzee,  224. 
thickening  of  in  rickets,  67,  97. 
at  birth,  229. 
in  old  age,  56. 
phthisis,  210. 
reparation,  61,  198. 
proportionate  size,  81,  93,  96. 
preternatural  depth,  244. 
development,  177. 
base  of,  development,  182. 


tables,  188,  206. 

rate  of  growth,  193. 

weight,  194. 

senile,  194,  199. 

vessels,  195 

adapted  for  protection  of  brain,  200. 

its  arches  and  ridges,  201,  202,  206. 

weak  part  at  base,  203. 

congenital  fissures,  185. 

fractures,  188,  203. 

relation  to  brain,  207. 

fossae,  208. 

at  birth,  229. 

compared  with  that  of  adult, 
231. 
connection  with  spine,  307. 
Sloth,  three-toed,  127. 
Sphenoid  sinus,  271. 
Sphenoid  bone,  269. 

development,  272. 
diseases,  273. 
homology,  597. 
Spina  bifida,  51,  452,  456. 
Spine,  development,  113. 

measurements  in  foetus,  133. 
after  birth,  110. 
in  adult,  87, 106. 
in  giants,  103,  107. 
curves  in  foetus,  134. 

adult,  146. 

increased  strength,  151. 
lateral  curves,  155. 
line  of  gravity,  148. 
movements  of  component  parts,  164. 
weak  part,  169. 
angular  curvature,  170,  357. 
lateral  do.  171,  356. 
senile  do.  172. 
infantile  do.  ib. 
joints,  159. 

dislocation  and  fracture,  168. 
connection  with  head,  307. 
Spinous  processes,  143. 

development,  120,  121. 
irregularities,  144. 
malformations,  51, 143. 
relation  to  spinal  curves, 
150. 
Spongy  bones,  215. 

40 
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Spontaneous  fracture  of  humerus,  372. 

femur,  8. 
Stand-at-ease  posture,  5,  551,  581. 
Standing  upright :  see  Erect  posture. 
Stark,  Dr,  analysis  of  bone,  1,  4,  5. 
Sterno-clavicular  joint,  399. 

dislocation,  401. 
movements,  402, 
Sternum,  321. 

development,  325. 
in  animals,  327. 
varieties,  328. 
diseases,  ib. 
depression,  355. 
joints  with  clavicle,  399. 

ribs,  337. 
homology,  595. 
Stooping,  441,  581. 
Strength  of  bone,  7. 

proportioned  to  muscles,  ib. 
Stumps,  condition  of  bones  in,  70. 
Styloid  portion  of  temporal  bone,  261,  597. 
Subarachnoid  fluid,  209. 
Supernumerary  ribs,  127,  358. 
Superciliary  ridges,  248. 
notch,  249. 
Supination  of  fore-arm,  377. 

peculiar  to  man,  379. 
leg,  527. 

limited  by  post,  crucial  lig. 

542,  551. 
movement  of  semilunar  car- 
tilages in,  546. 
Supra-condyloid  process  of  humerus,  373. 

femur,  478. 
Sutures,  71. 

formation,  183. 
use,  190. 
obliteration,  190. 
strength,  203. 
degree  of  serration,  250. 
diagonal  union  of  bones  in,  251. 
Sutural  ligament,  71. 
Symmetry  of  skeleton,  16,  53. 
Symphysis  sterni,  322. 
pubis,  462. 

diseases  of,  463. 
Synchondrosis,  72. 
Synovial  joints,  72. 


membranes,  78. 

folds  and  fatty  appendages,  78,  72, 
412. 

Talipes, 

plantaris,  572. 

influence  of  gastrocnemii  in,  501. 

varus,  572. 

valgus,  564. 

Tarsus,  497. 

joints,  569 

Teeth,  shedding  of,  286. 

wisdom,  289. 

canine,  relation  to  angle  of  mouth,284. 

second  molars,  281. 

late  appearance  and  early  decay,  59. 

Temporal  bone,  252. 

development,  264. 

glenoid  cavity,  254. 

fracture,  256. 

connection  with  other  bones, 

261. 

varieties   and  diseases,    260, 

267. 

homology,  597. 

Temporo-maxillary  Joint,  300. 

dislocation,  304. 

Tendons,  attachment  to  bones,  14,  22. 

Tentorium,  260,  272. 

osseous  in  animals,  242,  260. 
Thorax,  320. 

capacity,  330,  352. 

vital,  350,  352. 

shape  in  women,  334. 

size,  350. 

changes  of  shape  in  growth  andag 

99,  351. 

in  respiration,  344 
parts  most  enlarged  in  respiration, 

345,  348. 
order  of  expansion  of  several  parts, 

349. 
development,  351. 
lateral  depression,  354, 
in  old  age,  355. 
paralytic,  ib. 
changes  in  lateral  curvature  of  spine, 

356. 

angular  Jo.,  357, 
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Thumb,  bones  of,  395. 
joints,  432. 
sesamoid  bones,  434. 
dislocation,  ib. 
opponent  to  fingers,  386. 
Tibia,  483. 

narrow  and  weak  part,  433,  415. 

twist,  554. 

medullary  artery,  why  so  large,  486. 

tuber,  487. 

epiphyses,  488. 

development,  489. 

articular  surfaces,  upper,  527. 

lower,  555,  557. 
for  Fibula,  552. 
fracture,  484. 
rickets,  485,  486. 
homology,  601. 
Toes,  496 

union  of  2nd  and  3rd,  497. 
uses,  496. 

proportions,  90,  96,  496. 
joints,  574. 
Tomes  and  de  Morgan,  3,  9. 
Toppling  forwards,  580. 
Transverse  processes  of  vertebrae,  140. 
development,  125. 
tubercles,  141. 
articular     facets,     140, 
175,  332, 334. 
alse,  592. 
Trochlea  of  humerus,  417. 
Trunk,  proportions  of,  92. 
Tumours  of  bone,  61. 
Tubera  ischii,  442. 
Turbinate  bones,  215,  297. 

of  .Slthmoid,  276. 
Twists  of  bones,  12. 
Type,  unity  of,  in  man,  91. 
Typical  forms  of  skull,  226. 
Tympanum,  259. 

formation  of,  179. 
fracture  of,  205. 
abscess  of,  260. 
Tympanic  portion  of  Temporal  bone,  261. 

at  birth, 

265. 

homology, 

599. 


Ulceration,  60. 
Ulna,  380. 

relation  of  size  of  to  number  of  digits, 

379,  390. 
absence,  380. 
development,  382. 
articular  surface  for  Humerus,  418. 

Radius,  419,  425. 
homology,  600. 

Valgus,  564. 

Varus,  572. 

Vertebrae  formation,  115. 

number  of  osseous  nuclei,  121, 
deficiency  of  one  half,  123. 
relation  to  cord,  134. 

to  nerves,  135. 
number,  136. 
structure  of  bodies,  137. 
not  quite  symmetrica],  138. 
connection  with  one  another,  159. 
movements  upon  one  another,  164. 
in  diff'erent  parts  of  the 
column,  165. 
Vertebral  bodies,  number  of  osseous  nuclei 
in,  123. 

fission,  123. 

formed  partly  by  the  neu- 
ral pedicles,  124. 
structure,  &c.,  137, 161. 
shape,  relation  to    spinal 

curves,  149. 
holes  for  vessels,  118,  137, 
162. 
arches,  143, 150,  591. 
articulating  processes,  166,591. 
varieties  in  number,  136. 
development,  117, 119. 
atlas,  131, 176. 
axis,  129, 176. 
cervical,  175 

seventh,  125,  126,  143. 
dorsal,  174. 
lumbar,  173. 

fifth,  174. 
Vertebral  column :  see  Spine. 

plates  (embryonic),  11-5. 
artery,  foramen  for,  142. 
canal,,  dimensions  of,  156. 
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relations  to  cord,  150,  157. 
shape  seldom  altered  by  dis- 
ease, 157. 
Vertebrate  animals,  113. 
Vessels  of  Periosteum,  21,  23. 
bone,  23,  27. 
skull,  21. 

medullary,  enlargement  of,  27. 
direction  of,  27. 
of  diploe,  196,  249,  259. 
Vestibule,  260. 
Virchow,  on  ossification,  37. 

pumice-stone-like  osseous ,  mat- 
ter, 45. 
Rickets,  62,  66, 
Visceral  arches,  178,592. 
clefts,  179,  254. 
Vocal  tract  of  nostrils,  220. 
Vomer,  296. 

development  of,  178,  296. 
homology,  598. 


Walking,  582. 

oscillation  of  body  prevented,  476,     1 

685. 
with  reference  to  position  of  mal- 
leoli, 556. 
"Wasting  of  bones,  70. 
Wedl,  on  calcareous  granules  in  bone,  67. 
Weight  of  skeleton,  8.  * 

skull,  194. 
Wens  on  frontal  bone,  252. 
Whitlow,  394. 
Wisdom  tooth,  289. 
Wormian  bones,  191,  241,  248,  272. 
Wrist,  387. 


Zygomatic  process  of  temporal  bone,  256. 
deficiency  of,  49. 
arch  in  Negro,  267. 
Zyphoid    cartilage :     see    Ensiform    carti- 
lage. 
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